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THE VARIATIONS IN SPECTRAL TYPE OF TWENTY 
CEPHEID VARIABLES 


By HARLOW SHAPLEY 


A considerable amount of material relative to the spectral types 
of variable stars of the Cepheid class has been accumulated at the 
Mount Wilson Observatory during the past year, chiefly with the 
aid of the 1o-inch photographic telescope. Earlier work on some 
of these stars at the Lick, Harvard College,’ and Pulkova Observa- 
tories had shown or suggested variations in certain characteristics 
of the spectra. The data collected in the present paper, however, 
indicate that distinct changes in spectral type, accompanying regu- 
larly the periodic variations in light and apparent velocity, consti- 
tute one of the general and fundamental properties of Cepheid 
variables. Astatement of the Cepheid problem at the time it was 
taken up at Mount Wilson is outlined in Contribution No. 92,? 
together with a summarized account of the most relevant previous 
work. The significance of spectral variations in the interpretation of 
variability in light and velocity is noted in the same article and in 
subsequent papers on the light-curves and spectra of Cepheid vari- 
ables.3 The following pages will be devoted to the observations of 
the spectra of individual stars. 

A list of all the Cepheids for which definite variations of spectral 
type have been observed is given in Table I. The positions in the 
second and third columns are from Harvard Annals, 56, No. 6, 
Table VIII. The data for the light-variations are taken from the 
same source except that the magnitudes for RT Aurigae are by 


See, for instance, the remark by Miss Cannon on the spectrum of 6 Cephei in 
Harvard Annals, 56, 110, 1912. 

2 Astrophysical Journal, 40, 448, 1914. 

3 Mt. Wilson Contr., Nos. 104, 112; Astrophysical Journal, 42, 148, 1915; 43, 
217,1916; Mt. Wilson Communications, Nos. 14, 21, 22, 27; Proceedings of the National 
Academy of Sciences, 1, 452, 1915; 2, 132, 136, 208, 1916. 
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Kiess,! those for RR Lyrae by Shapley,? and those for RS Bodtis 
and XZ Cygni from Hartwig’s Ephemeris.3 Precise information 
as to the maximum magnitude and range of variation of these stars, 
even of the much observed brighter ones, is unfortunately not 
available. Widely differing values are given in the catalogues by 
different observers. The uncertainty arises partly from probable 


TABLE I 


List oF SPECTRAL VARIABLES 


R.A DECL bese pia Sp SPECTRAL No. oF 

STAR 5 ee See a | PROD: PHOTO- 

1900 1900 Masiaees Meee VARIATION aaeae 
TU Cassiopeiae..| o820% |+50°44’| 7M M4 241329 | F1r— F8 5 
SU Cassiopeiae..| 2 43.0 |+68 28 | 5.9 0.4 r.950 | A8—Fs5 24 
SZpubauninereres 4 31.4 |-+18 20| 7.2 One 3.149 | Ag-F7 13 
T Monocerotis.| 6 19.8 |+ 7 8] 5.7 Tee 27.012 | Fs5—Ge2 9 
RT Aurigae..... (ep a |oarye ev || fea: 0.9 3.728}. A7— Gr 30 
W Geminorum.| 6 29.2 |+15 24 | 6.7 0.8 7.916 | Fa—-Gr 9 
RSP Bootisnes ce TA) 2052 1-3 201 One TO 0.377 | B8-Fo ok} 
X Sagittaril...| 17 41.3 |—27 48 |, 4.4 0.6 7.012 | Fi—Gs 24 
VY Opbiucht.: i027 47.3 -\—1 0. Pal Oat O14 | T7 erg iE biG 8 
W Sagittarii...| 17 58.6 |—29 35 | 4.3 0.8 7.595 | A&-G2 25 
Y Sagittarii. <2] 18 2525 |—18) 540) 5-4 0.8 5.773 | F4a—-G4q Io 
RR Lyrae... 2 =. 10) 22.8 lar. AO 6.8 0.9 0.567 | Bo--F2 17 
U Aquilae..... £0 24.0) |— 755 6.2 On, 7.024 | F6—G2 4 
XZ Cyeninen an Ig 30.4 |+56 10] 8.7 0.6 0.467 | Ao- A6 2 
U Vulpeculae..| 19 32.3 |+20 7] 6.5 Det 7.990 | F7-Gs5 8 
SUSCyemion..-: 19 40.8 |+29 1! 6.2 0.8 3.846 | A6—-F7 17 
7 Aquilae..... LOLA Aaland 5 ae se 0.8 7.176 | A8—Gs5 29 
S Sagittae. EQ S05 | 2Or2er | ees 0.6 8.382 | F4-G3 18 
T Vulpeculae..| 20 47.2 |+27 52 Se) 0.6 4.436 | Ag-Gi 17 
OnCeDbelaeer: 2225.4 \=57 54. Sins 0.8 5.306 | Fo-Ga2 46 


irregularities in the variations, but chiefly because most of the light- 
observations have been naked-eye comparisons with stars for which 
various estimates of magnitudes have been adopted. The values 
in the fourth and fifth columns, therefore, serve in most cases only 
to indicate approximately the visual brightness and range of light- 
change. The point is of some importance in that it shows the 


* Laws Observatory Bulletin, No. 23, 1915. 
* Mt. Wilson Contr., No. 112; Astrophysical Journal, 43, 217, 1916. 
3 Vierteljahrsschrift der Astronomischen Geselischaft, 49, 287, 301, 1914. 


‘Exceptions are 6 Cephei, RR Lyrae, and perha f 
ps a few others. See note to 
Table VIIi below. , 
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futility of attempting at present to study the relation of range in 
light to range in spectral variation. The data are sufficient, how- 
ever, to show the relation of spectral type to period (which had 
already been noted for a larger number of stars on the basis of the 
Harvard classification),* although in a number of cases the extreme 
range of spectrum is not recorded when observations near maximum 
or minimum light are wanting. 

Of the 328 photographs of spectra used in deriving the results 
for the stars in Table I, 311 were made by the writer with the 10-inch 
portrait lens and objective prism. The remainder were made with 
the 60-inch reflector—13 by Mr. Pease and 4 by Mr. Adams. For 
nearly all the work with the 1o-inch, a 15° prism is employed. The re- 
fracting edge is set perpendicular to the hour circle,and thespectrum, 
drifting in right ascension, is widened as desired by adjusting the 
driving clock. For some of the brighter variables, a small 30° prism 
was used on a few nights in conjunction with the 15° prism. Such 
instances are designated by the note ‘‘45°”’ in the columns of 
remarks in Tables III-XIX. Except in the cases noted, all photo- 
graphs are on Seed ‘‘27”’ plates. 

With the single prism the dispersion is HB—He=5.2 mm; for 
the two prisms H@—He=12mm. ‘The uncertainty of a determina- 
tion of spectral type with the lower dispersion is one- or two-tenths 
of a spectral interval, but there may be a small systematic difference 
between my classification and that made at Harvard. So far as 
possible, however, the choice of criteria for type has been based 
upon the classifications of the Draper Catalogue. 

In preparing the material for tabular presentation, all the spectra 
were classified before phases were computed. This procedure les- 
sens the possibility of errors of prejudice where small changes are 
concerned. Only two or three discordant results remained after 
some errors of identification were eliminated, and such discordances 
may be due to irregularities in the variations or to erroneous light- 
elements. 

As remarked in earlier papers, the changes observed in the 
spectra of these stars are between known, normal types. No 
peculiarities appear other than those to be expected in the spectra 


I Mt. Wilson Contr., No. 92, p. 16; Astrophysical Journal, 40, 463, 1914. 
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of stars of very high luminosity. Possible exceptions are the spec- 
trum of W Geminorum, also noted at Harvard,‘ and the occasional 
unequal sharpness of the hydrogen lines in spectra made during 
increasing light. With high dispersion other peculiarities may 
appear, as, for instance, those indicated in the special study of 
5 Cephei.? 

Continuous and periodic changes of spectral type are shown dis- 
tinctly for fifteen of the stars over several epochs of maximum, and 
are definitely indicated for the remainder of the list. No Cepheid 
variable observed has failed to show variability of spectrum. Upon 
the basis of this result we may believe that for the two or three 
thousand variable stars which belong to the same class similar dis- 
turbances of the radiating surfaces underlie similar periodic oscilla- 
tions in light and spectral type. 

The variation in spectrum of a Cepheid is undoubtedly as impor- 
tant a part of the phenomenon as the fluctuation in light; moreover, 
it should be as definite a method of detecting a star’s peculiar varia- 
bility as the measures of magnitude. By collecting the classifica- 
tions of spectrum into normals (using the period that defines the 
variation in light) and plotting the mean spectrum against phase, 
we may obtain a curve closely similar to the curves of variation in 
magnitude and velocity. Such a curve is shown for 6 Cephei in 
Fig. 1, based upon the data in Table II. It differs in form from the 
light-curve on a later page in certain respects—the spectrum falls 
away from its maximum (bluest) value more rapidly than the light 
falls from its maximum, and the change from red to blue spectrum 
at the end of minimum light is frequently abrupt. To some extent 
this latter result probably reflects the oscillation in the time of the 
rise to maximum light, which has been shown to be conspicuous for 
several Cepheids. 

The changes in the spectrum of RR Lyrae are discussed in 
Contribution No. 112. Data for RS Bodtis are given by Pease 
in Publications of the Astronomical Society of the Pacific, 26, 256, 


* Harvard Annals, 55, 38, 1907. 


* Mt. Wilson Communications, No. 22; Proceedings of the National Academy of 
Sciences, 2, 136, 1916. 
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{ 
1914. The observations of XZ Cygni by Adams will be pub- 
lished elsewhere. For the other seventeen stars listed in Table I 


the variations are detailed in the accompanying series of tables 
and figures. 


ae ie 
stool | ee a 


Fic. 1.—The curve of spectral variation of 6 Cephei 


TABLE II 


SPECTRAL VARIATION OF 6 CEPHEI 


Mean Phase Mean Spectrum |Number Spectra Weight 
+olo4....... Fr.o 7 12 
OnA ppc F3.0 6 II 
ERO Over shar Fs5.6 5 8 
5 Wo ares cen F7.5 4 8 
De AO ae Go.2 4 8 
a7 Sas eee Go.5 4 8 
Ts RG F6.7 4 Gh 
AnD eens F4.0 5 Io 
G2 Ors are ai Fr.9 7 14 


1A later curve of the spectral variation is shown in Contribution No. 112 and 
Communication No. 21. 
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TABLE III 


TU CASSIOPEIAE 
Max.=J.D. 2419302.12+24139°E* 


Plate Date 1eyyane Duration Phase Spectrum Remarks 
1916 , : 
7 Baar Hig, @ || oPae 13™ 14048 F6 Faint 
Bove eee Bo) O40 18 1.926 Fo: Faint 
TOOK. cucters 6 8 44 25 0.744 Fr 
Q 04 16 0.758 F2 
TOSmeannr 7 7 46 37 I. 704 F8 


* Vierteljahrsschrift der Astronomischen Gesellschaft, 49, 334, 1914. The visual range given by 
Hartwig is 1Mr. 


TABLE IV 


SU CASSIOPEIAE 
Max.=J.D. 2417287.30+149498-E* 


Plate Date Sate Duration Phase Spectrum Remarks 
1915 
AS rane: Deca on merznon = 3m of051 Fr 
1916 
Okeaacee Jan. 31 8 23 10 0.253 Fo: Out of focus 
36 10 0.262 Fo: 
46 10 0.269 Fo: : 
Pins bos 31 Io 36 EE 0.345 F3 Poor plate, wind 
46 II 0.352 F4 
56 6 ©.359 23 
Chel ao re Feb, 2 8 55 6 0.325 Hiss 
; 9 05 12 0.332 Fs 
Slee 5 6 56 15 1.292 Ag 
7 09 IO I.301 A8 
S7Oerren: 5 II 42 TE I.491 F2 ; 
50 5 1.407 Fo: Bad seeing 
59 IO I.503 Fo 
WOW Gaougs 6 9 34 12 0.453 F2 
46 8 0.461 Fr 
53 4 0.466 Fr 
LOO serietes 7 8 27 I2 I.406 Ag 
39 Io I.415 Fo 
52 I5 I.424 F2 
TION fete 7 9 09 14 1.435 Fr Clouds 
24 14 I.446 Fo 
42 2I 1.458 Fo 


* The phases are computed with the elements derived by Miiller and Kempf (Astronomische Nach- 
richten, 173, 307, 1907). The agreement with spectral type is not good, but the difficulty probably is 
attributable to inaccurate light-elements rather than to an anomalous relation between spectrum and 
light-variations. Using the later elements by Parkhurst (Astrophysical Journal, 28, 279, 1908): 


Max.=J.D. 2417287.30+149490'E, 
the agreement is equally bad; but with an intermediate period, 1494035, the representation is all that 
could be expected when the small range and the quality of the observations are considered. Direct 


observations of the brightness of the spectral images on the plates in Table IV verify the supposition that 
the light-elements are erroneous. 


eee 
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TABLE V 


SZ TAvuRI 
Max.=J.D. 2410000.60+341487:E* 


Plate Date 
IQI5 
20s cts Nov. 14 
BOQawe a 0 Dec. 12 
Ig16 
O32 ean Jan. 31 
OF jactost 31 
Soa. Feb. 5 
OF seen 6 
FOS srcarsisik 6 
ia es eae 7 


PSs 


9° 46™ 


14 
IS 


SMG 


13 


I2 


59 
39 


08 
18 
II 
22 
20 
36 
42 
02 
2 
16 


Duration 


180m 
60 


30 
33 


Phase 


09356 


Oo. 
°. 


ON NH NDHNHNNDNDND 


* Leavitt, Harvard Circulars, No. 186, p. 2, 1914. 


7.6 


235 
262 


844 
.851 
929 
-937 
-597 
.358 
. 362 
. 501 
.514 
-446 


Spectrum 


Remarks 


Overexposed 


High wind 


Field low 


Faint 


Fic. 2.—SZ Tauri. Mean light-curve by Miss Leavitt (op. cit.). Am increase 
of five seconds in the length of the period (a change well within the uncertainty of 
the light-elements) would place the plotted spectral observations a fourth of a day 
earlier and harmonize better with the light-curve. 
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TABLE VI 


T MOoNoceEROTIS 
Max.=J.D. 2409633.63+2740122: E* 


Plate Date iP Seis Duration Phase Spectrum Remarks 
1916 

US ays ING, || alton ro™ 264193 F8 

45 Io 26. 201 F8 
Sona 3 cOO 20 2.162 F6 | | Wind 
TTT Aree ce 7a | aT tog, 25 4.076 F6 Clouds 
LAMBS es al See 33 Anis F7 Clear 
D2 onic Nose, 4 8 41 30 9-953 G2 
AOS Seco 25 Q 26 & 0.972 F5 Wind 
LOO erwin 27 8 54 16 2.950 F6 
OP Nee ic erg 28 8 58 29 3-953 F8 Clouds 


* Yendell, Astronomical Journal, 16, 149, 1896. 


TABLE VII 


RT AvRIGAE 
Max.=J.D. 2417173.459+3%72806:-E* 


Plate Date Bisen. Duration Phase Spectrum Remarks 
1916 
Osama Nanwesremercecom 4m 041839 F2 
46 IO 0.844 F2 
Hist scat Feb. 1 6 31 Io 1.542 F9, Plate fogged 
41 ste) I.540 F5 
7 ee 2 I2 56 Io 2.810 F7 Haze 
13 03 4 2.815 Go 
ne ae) 2.820 Fo 
OOeaars.s 5 13 47 It 2.007 Go 
57 IO PAY! Gi 
TOA Ss nisi 6 Ir 38 £2 BEO27 Go 
EL orate: We || 3a oe! 13 ©. 292 A8 
38 5 0.299 A8 
TU Quis sre ae Mar. 30 | Ir 14 9 0.090 AZ 
22 8 0.095 A8& 
BMWs J o0 6 Apr. 7 WBS i o.481 Fo 
LN odo 7 7 48: 4: 0.490: Ag Time uncertain 
55 8 ©.495 Ag 
T22 5 foe 7 9 10 17 0.547 Fr 
TARY wae 9 IO 04 7 2.585 F8 
II 6 2.590 F8 
LAO sere 9 | 10 at Io 2.507 Fy Faint 
TS Qe ysis 25 Q OI 8 3.629 Fo 
08 5 3.634 Fr 
z II 2 3-636 Ag 
ye Sayesitie 26 7 30 3 0.838 F4 Strong twilight 
TOSsee ee 27 7 24 10 1.834 F8: Faint 
17 Oneepeenere 27 9 15 12 I.QII Fo 
24 5 1.91 F8 
D7 Grtercite 28 9 21 I2 mene F7 
38 2I 2.927 F6 


* Kiess, Laws Observatory Bulletin, No. 23, IQIS. 
8 
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Fic. 3.—RT Aurigae. Mean visual light-curve by Kiess (0. cit.), neglecting 
supposed oscillations in the descending branch. 


TABLE VIII 


W GEMINORUM 
Max.=J.D. 2413266.34+7491603:E* 


Plate Date Pset. Duration Phase Spectrum Remarks 
I916 
Vise oe Bae Heb. <2 |) 913234" Io™ 74422 F2 Haze 
45 Io 7.429 F2 

SO ee i i) 388} Vols) 20 2.486 F7: | Wind; faint 
Ok Amase (ri) sae aS 20 3.410 G Faint 
iia oe ee 7 EEAO2 25 4.400 Fo: Clouds 
LDA rei Fi I2 54 33 4.478 Go Clear 
Tolar Apr. 7 8 41 30 ©.974 F4 
LOO nyc 27 8 54 16 Ese tigi G1 
TA 28 8 58 20 6.153 F3 Haze 


* Vierteljahrsschrift der Astronomischen Gesellschaft, 495 334, 1914. The visual range in Table I is 
oM8; according to Hartwig it is 1M3, and from unpublished observations made at Utrecht and generously 
placed at my disposal by Dr. Van der Bilt it appears to be less than oM4. 
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TABLE IX 
X SAGITTARIL 
Max.=J.D. 2403169.93+7%01190° E* 


Plate Date P.S.1. Duration Phase Spectrum Remarks 
1916 
Geeta Reb talunt sae 35 04052 F2 Dawn 
38 5 0.055 F3 
GOR Sets & 17 36 i 4.053 G Dawn 
TAO Me Apr. 7 | 15 49 Io 2.872 F8 
yh 5 2.878 F8 
16 03 6 2.882 FO: 
TAOmesnie 8 Tae22 4] Ba 72 F8: 
T'S Oia ercer Oil 26) £0) I4 4.865 F8 Wratten ‘““M”’ plate 
Be Sera 9 16 24 ne) 4.807 F8 Wratten ‘“M”’ plate 
TOA racket 25 I5 43 Io 6.844 Fr 
; 50 5 6.849 Fr 
Saleh epeeaonG 28 I4 14 4 2.770 F7 
20 9 2.774 F6 
Te V/eg o0 086 July 9 Ir 36 13 4-542 GI 
48 8 4.550 G1 
LO Seer 28 9 5I Io 2.433 F4 45° 
DOS mere 29 | 10 00 Io 3-439 F8: | 45°, faint 
Z1OCeae 30 Io Io 23 4.446 Gs 45°, faint 
REO occ B01) 10952 20 4.475 G4 45°, faint 
DOs ca ook Bat || ae Ay 38 HoknS F5 45° 
2A Ane ee Aug. I 8 59 26 6.397 Fr 45°, Hy sharp 
2 Oe By |) see 7p? 34 0.498 F 45°, faint 
AQiers aod 3 8 03 8 I.346 F3 
16 18 1355 F2 


* Hellerich, Dissertation, p. 9 (Bonn, 1913). 


34 sd nd of 


a3 | 


4.5 


4.7 


4.9 


Fic. 4.—X Sagittarii. Mean light-curve by E. C. Pickering (H 
ee y : g (Harvard Annals, 
IO 
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TABLE X 


Y OPpxHrucHi 
Max.=J.D. 2408697. 25+1741130°E* 


Plate Date PSL: Duration Phase Spectrum Remarks 
Ig16 
OScnc Feb. 1 r7hy4m™ 7m 14935 Go Field low 
23 ake) 14.35 F8: | Weak 
OAc 5 16 22 21 I.20 F5 Field low 
40 I5 Dee F7 
(SWS oar Apr. 7 16 16 5 11.85 G2 Dawn 
22 Io 11.86 G3 
ERO ietenckorsys 8 | 13 00 9 [2.72 G Field low 
EOLG ashe 259] 13, 26 ake) 15.62 F6 
* Hellerich, op. cif., p. 11. 
TABLE XI 
W SAGITTARII 
Max.=J.D. 2403198.88-+74594386-E* 
Plate Date PSs Duration Phase Spectrum Remarks 
1916 
OOM Bio Eebs, 5 17h 36™ 7 64267 Fs: Dawn 
ES Ores: PES 7 I5 49 IO 7.438 Fo 
57 5 7-444 Fo 
16 03 6 7.448 Ag 
PAO merece 8 1) Oe 7 0.742 F2 
31 2 0.748 Fr Narrow 
40 5 0.754 F2 
1S Onrerarsis 9 I5 39 14 1.837 F4 Wratten ‘“M”’ plate 
isis Sere 9 16 24 Io 1.868 F4 Wratten “M”’ plate 
BOA ets cie 25 I5 43 Io 2305 % Fs 
5° & 2.656 F6 
EOS eels wise 28 I4 14 4 5.5890 Go 
| 20 9 5-593 G2 
BO ie seats ~ July o | 11 36 13 535 F6 
48 8 I.544 F6 , 
TOS gic. ss 28 9 51 Io 5-274 G1 45°. ; 
DOSNT itel s 29 IO 00 Io 6.280 F8 45°, time uncertain 
DEO vase 30 9 58: is Fo BHO A8& 45°, time uncertain 
Io 10 23 7287 Fo a 
DOO Ne lelak> 30 IO 52 20 Glo Ag 45° 
D8 Oita ees 31 II 47 38 0.760 Fr 45. 
DAA Res Aug. I 8 50 26 1.643 F3 45°, 
AACS gate Zale Ae 34 2.756 Fo 45°, faint 
DOV este. 3.6 3 8 03 8 3.604 Fo 
16 18 2 Oe Fo 


* Hellerich, op. cit., p. 9. 
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of afl as 64 84 


Fic. 5.—W Sagittarii. Mean light-curve by E. C. Pickering (Harvard Annals, 
46, 155, 1903). 


TABLE XII 


Y SAGITTARII 
Max.=J.D. 2410175.08-+51773268:E* 


Plate Date PSs Duration Phase Spectrum Remarks 
1916 
UZ woos Apr. 7 | 15"49™ rom 21448 Go 
57 is 2.453 F8: Diffuse 
16 03 6 2.458 F8 
TAQ Manet Si seh oy Ti 3.340 G2 
TOA ee 25 | 15.43 Io 3.124 G: Wind; diffuse 
TOS ewes Mh Ty all 4 0. 289 F4 
20 9 ©. 293 F4 
ES7inrarciete \uibyasOMleere sO Pg 2.900 F8 Moon near field 
48 8 2.908 G 
20 Teer Aug. 3 8 16 18 4.668 G4 


* Hellerich, op. cit., p. 10. 
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SPECTRAL VARIATIONS OF 20 CEPHEIDS 


TABLE XIII 
U AQUILAE 


Max.=J.D. 2410170.325+7402387:E* 


t3 


Plate Date ESL Duration Phase Spectrum Remarks 
rQr16 
AOE tr Apr. 8 | 15433 I5™ 34992 G2 
MOL: 28 13 48 12 2.847 F6 Diffuse 
TOR at July 10 | 10 06 17 5-455 F8 
2a Oeharar 31 8 14 17 5.305 F6 
* Vierleljahrsschrift der Astronomischen Gesellschaft, 49, 335, 1914. 
TABLE XIV 
U VULPECULAE 
Max.=J.D. 2414200. 253+7498950: E* 
Plate Date PSal. Duration Phase Spectrum Remarks 
Igi6 
R20 a ercistere Apia i 7uleatq=som oom Bons Fy 
54 8 2.584 F7: Narrow 
iY. Uo Ga 8 I4 30 a7 Be507; G4 Diffuse 
CAA Clee 9 | 13 46 20 4.537 G4: | Faint 
TI eee 9 14 14 15 4.556 Go 
Wits Acage AS Ae Swhee i2 4.547 G5 
TU ASA ae BS || 51 OS 20 7.501 F8p | H6 strong 
DNS eth eee July 29 I4 50 22 3.728 Gs Difficult 
* Vierteljahrsschrift der Astronomischen Gesellschaft, 49, 335, 1914. 
TABLE XV 
SU Cyeni 
Max.=J.D. 2414202.820+349845612:E* 
Plate Date jEESy 4 be Duration Phase Spectrum Remarks 
1916 
To Oteeraex Apr. 7, |b-r4bssm 21™ 21383 F6 ; 
54 8 2.304 F7 Drift in declination 
TAT eee) ere 8 I4 30 De} Bae 7, A6é 
iGO Mesos ee 9 | 13 46 20 ©. 501 Fr 
58 5 0.510 Fo: | Narrow 
BO Lconcrr- 25 Tees Re I.108 ¥F3 
7 Sieh goles 2 28 £2) 25 20 0.217 A8& 
BOAO eererers July 9 Q 42 15 2.883 Fs 
56 II 2.892 Fs: 
TB Otten cvoyors ake) 8 21 10 3.826 A6 
38 24. 3.838 AZ 
1S CE neye B 20) 14) 33 I2 O.OIL A8 
50 Dp, 0.023 Ag 
DOL ono 30 8 34 7 0.637 F4 
De One ee 31 8 38 2t 1.640 F6 
DEO rete. » Ae ene 13 26 ou fo Ke) A8 
20 2a «6 2 8 40 20 ©.920 F2 


* Luizet, Astronomische Nachrichten, 173, 196, 1906. 
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Fic. 6.—SU Cygni. Mean light-curve from observations made at Utrecht; 
data furnished in manuscript by Dr. Van der Bilt. 


Fic. 7.— » Aquilae. Mean light-curve from observations made at Utrecht; 
data furnished in manuscript by Dr. Van der Bilt. 
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SPECTRAL VARIATIONS OF 20 CEPHEIDS 15 


TABLE XVI 
7 AQUILAE 
Max.=J.D. 2396168.732-+74176382:E* 
Plate Date BS cix Duration Phase Spectrum Remarks 
1916 

TAZ ee Apts (o)\)f5°33™ 5m 74053 Fo 

44 5 7.001 Fr 
LO2ea ae 25 13 40 3 3.418 Fs 

43 2 3.420 F6 
RSD Saran 27 I4 40 3 5.460 Go 

42 2 5-461 G1 
POLO ae 28} 13 40 4 6.418 Fy: Diffuse 

48 12 6.424 F7 
TSAG. a: = « July 9 9 16 i 5.471 F8 

21 4 5-474 F8 

26 5 5.478 Fg 
TOO usa: be) 9 45 ints 6.491 F4 Hy very sharp 
TOU hie. cre TO | Io 06 17 6.506 F5 
NOs go gue 28 8 49 10 2.923 F4 45° 
BE os 50 29 | 13 44 9 4.128 Go 45° 

54 It AN, EHS Gr 
7g 29 I5 43 Bie) 4.210 G2 
QPS Witenes 30 8 12 5 4.807 G4 

17 4 4.9OI G5 
220s ayer 31 8 02 5 5.890 Go 

I4 17 5.899 G2 
2A eee Aug. I 8 20 2 6.903 A8 45° 

Bi 12 6.910 Ag 
DEAS cits « 2 9 47 Io 0.787 Fr 45° 

IO OI 18 0.707 F2 Hy very sharp 

2500 soe 2\ 14 04 7 ©°.966 F4 

I2 “| 0.971 F4 
ZOE EE 35) .13,100 5 I.Q2I Fs 45° 

08 II 1.926 F4 


* Hellerich (0). cit., p. 6) finds that the elements derived by Luizet (Astronomische Nachrichten, 163, 
361, 1903) are satisfactory without the use of the harmonic term adopted by the latter. 
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TABLE XVII 
S SAGITTAE 


Max.=J.D. 2409863 .324+84381613:E* 


Plate Date PiSiL. Duration Phase Spectrum Remarks 
1916 
Ub een Oe Iyose, 43), ail Aree bse 21433 Fs Dome 
26 6 2.438 F6 Diffuse 
DS gence 9| 14 14 15 3-347 Fg 
CPP a ode 27 14 28 " 4.503 Gt 
34 5 4.597 G2 
L7G ferns A || SR Ale: 9 5-519 G3 
50 5 as 25 G2 
TSAG Hr July 9] I0 12 19 1.981 F7 
20 6 1.987 F6 
24 3 1.990 F6: Narrow 
ESO merieres bie) 9 07 26 2.936 F8 
24 6 2.948 F7 
QU Deceit 20 meeC Spell 12 5-426 G2 
Bln oolo6 Bonet Sit O 27 6.429 G 45°, faint 
PEW 00.0 c 31 9 38 sie) 7.194 F6 Wind 
44 I 7-199 Fs 
237 ee eye || aay} Ze 5I 7.322 F6 45° 
2500 er Aug. 2] 13 50 15 0.488 F4 Very thick 


Fic. 8.—S Sagittae. Mean ligh i 
; ght-curve by Gore as reduced by L - 
nomische Nachrichten, 168, 349, 1905). Pa hea 
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TABLE XVIII 
T VULPECULAE 
Max.=J.D. 2409849.04-+49435521-E* 


Plate Date P.S.T. Duration Phase Spectrum Remarks 
916 
MBA eerahe es Apr. 9 | 14>31™ rom 34918 F4 
40 7 3.924 Fs 
TOP esos: 25 13 54 a 2) 50m G1 
I4 00 5 2.154 Go Faint 
Uy A Rg a 27 I4 12 8 4.162 Fo 
18 3 4.167 Ag 
TOO naniaate 28 13 02 8 0.679 Fa 
Io 9 0.685 3 
MOORE evens July 9 | 10 56 9 1.623 F6 
TO Boise. Io Io 26 3 2.602 F7 
33 8 2.607 F8 4 
SH Wee Vets 2 I5 50 I2 4.089 F2 H6 very faint 
ag fees Neo 30 Seer & ©.359 Fo Ho stronger 
9 00 Ii 0.365 Fo 
233Gn nar 31 Q 22 I5 1.380 Fs ; ; 
200s eae Aug. 2 I4 20 Be 3.587: FO Time uncertain 
40 9 3.601 F6 Thick 


* Hellerich, op. cit., p. 7. 
1444 244 3944 of rd 


Fic. 9.—T Vulpeculae. Mean light-curve by E. C. Pickering (Harvard Annals, 


46, 156, 1903). 
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Fic. 10.—6 Cephei. Mean light-curve by Luizet (0p. cit.). The curve printed 
in Popular Astronomy, 25, 355, 1916, has been revised and supplemented by later data. 
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TABLE XIX 


6 CEPHEI 


Max.=J.D. 2393659.856+54366386-E* 


~ 


Plate Date Scr. Duration Phase Spectrum Remarks 
IQIS 
¥4571...| Dec. 23 7oq™ | 225™ 44294 G2 60-inch reflector 
WAS TS. =. : 14 07 120 5-254 F4 60-inch reflector 
Igt 
GOns ee Jan. 31 7 28 5 0.379 F Bad focus 
OO lente. Rebw 6 590 4 1.359 Fs Haze 
7 02 I TesOn Fs 
04 3 1.362 FO: 
| I4 4 I.369 F6 
BO. dicke.c 5 6 28 3 5-338 Res Clouds 
32 3 5-341 Fr 
_ 34 3 5-342 Fo 
A a aes 5 8 18 2 0.048 Fr 
20 2 0.049 F2 
GO ns ales 6 7 10 Io I.O01 Fs: Seed ‘‘23”’ plate 
18 5 1.006 gs Faint 
FO Racer, 7 7 06 I2 1.998 Fo Seed ‘'23” plate 
16 5 2.005 Fo 
A Seay sts Apr. 8 16 02 8 4.340 Fo 
07 2 4.343 Fg 
eee oss 9 | 16 02 5 5-340 F2 Wratten “M”’ plate 
be) Io 5-345 12h 
TOS aces 25 | 16 02 5 5-241 Fa Seed “23” plate 
06 2 5.244 Fa 
II 6 Sly) F3 
D736 eck 27 | 14 48 Tas 1.823 F8 Bad seeing 
50 I 1.824 F7 
51 I BOS F8 
52 2 1.826 F7 
ES 2 eer er 28 | 14 04 5 2.792 Gtr Seed ‘‘23” plate 
o7 2 2.794 G2 
TSODR ee a July 9 ba Ke) I 4.908 F4 
14 2 4.911 F4 
18 5 4.914 F2 
LOZ 101s, ° Io | 10 45 6 0.525 F2 
48 I On527; ¥3 
52 4 0.530 F4 x 
rites 2 Bees 30 9 26 8 4.371 By 45 
36 I2 4.378 Fs 
44 3 4.383 Fs: . 
ZTOQUsEOe Stop |) gare tees 5 4.444 F5 45 
19 8 4-449 F5 3 
23 2 ae foley 31 g 02 S 5-354 Fo Seed ‘‘23” plate 
06 3 5-357 Fr 
2AE erie Aug. 1 9 28 9 1.006 F3 45 
34 4 I.010 F2 , 
UR G50 56 AG 3 I4 14 II 3.204 Go 45 
23 8 Go Zhe) G1 


* Luizet, Annales de l’ Université de Lyon, Nouvelle Série, Fascicule 33, 1912. 
Mount WILson SOLAR OBSERVATORY 
September 1916 
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PRELIMINARY OBSERVATIONS OF THE SPECTRA OF 
CALCIUM AND IRON WHEN PRODUCED BY 
CATHODO-LUMINESCENCE 


By ARTHUR S. KING ann EDNA CARTER 


The excitation of a vapor to luminescence by means of a stream 
of cathode rays directed into it furnishes a source different from 
those in which the radiation is produced by high temperature or by 
the conduction of a current through the vapor. The purpose of 
the present investigation was to study the peculiarities of the 
spectrum given by the cathode-ray excitation for certain elements 
having groups of lines known to show different behavior in the 
ordinary sources. 

The possibility of producing spectra in this way was shown by 
Hertz,* who obtained the stronger mercury lines, and by Lewis,’ 
who examined the spectra of several of the more easily vaporized 
metals, the vapor being produced by heating the substance in a 
hard glass tube by means of a flame and directing a stream of 
cathode rays into the tube. In each case a spectrum of what 
seemed to be the more fundamental lines of the element was ob- 
served. The present writers have been aided by valuable sugges- 
tions from Professor Lewis, obtained during a discussion of the 
problem. 

The heating effects regularly observed in X-ray tubes since the 
introduction of tungsten targets made it appear feasible to work 
with some of the more refractory metals by heating them with a 
concentrated stream of cathode particles. When brought to 
luminescence the vapor in the cathode stream could then be 
observed at a sufficient distance from the heated surface to avoid 
the direct effects of high temperature. 

The first apparatus constructed was a modified X-ray bulb, 
with concave cathode and disk anode in the usual positions. The 


t Wiedemanns Annalen, 19, 809, 1883. 
2 Astrophysical Journal, 16, 31, 1902. 
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cathode stream was directed vertically downward upon an anti- 
cathode consisting of a tungsten dish containing metallic calcium, 
supported on the end of a silica tube passing into the bulb through 
the end opposite the cathode. When the bulb was pumped out 
to a vacuum sufficient to give in air a parallel spark 10-15 cm long, 
the calcium was readily vaporized and the pencil of cathode rays 
above the dish showed, when observed visually with a small spectro- 
scope, a spectrum containing a con- 
siderable number of lines. The lines 
H, K, and \ 4227 were photographed 
with a 1-meter concave grating. 

A more substantial apparatus was 
then made from a bell-jar supported 
on a thick glass plate, as shown in 
Fig. 1. The cathode C is 25 mm in 
diameter, concave to such a degree 
as to focus the rays at 9.5 cm when 
the spark crosses a parallel air-gap of 
15cm. It is screwed to an alumi- 
num rod passing through the top of 
the bell-jar, while a flaring glass tube 
around the electrode protects the 
wall of the jar from the cathode dis- 
charge. The anode A is a vertical aluminum rod 5 mm in 
diameter, passing through the glass base and inclosed by a glass 
tube, the inner side of which is cut away for a length of 4 cm 
below the end of the rod in order to expose the anode and at 
the same time protect the wall of the jar. The anti-cathode 
D is supported by a silica tube of 15 mm bore, held vertically 
by being set in a glass plate resting on the base plate. This 
tube holds at its top either a tungsten dish containing calcium 
or a shallow iron dish with iron filings. The dish in each case 
is at the focus of the cathode and is several centimeters away 
from the direct discharge between anode and cathode. As the 
experiments of Lewis with metals and with nitrogen™ showed clearly 
the possibility of bringing gases outside the path of the conduction 

* Astrophysical Journal, 17, 258, 1903. 
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LUMINESCENCE SPECTRA OF CALCIUM AND IRON 3 


current to luminescence by cathode rays, no special examination 
of this point was made during the present investigation. A tube 
through the base-plate for the pump connection and a side tube 
inserted at the opening W in the bell-jar and closed by a quartz 
window completed the fittings. The joints in the apparatus were 
cemented either with sealing-wax or with an odorless black wax 
of nearly the same consistency. The discharge was obtained from 
a large induction coil driven by an electrolytic interrupter of the 
Simon type, which, when the vacuum was sufficiently high, gave 
little inverse current. 

When calcium was vaporized by the cathode stream, the vapor 
immediately absorbed the residue of air—an effect noted by Saun- 
ders'—which made the vacuum so high that the discharge would not 
pass until a little air was admitted. The lumps of metallic calcium 
were found to be almost consumed by the discharge, which could 
not be closely watched on account of an opaque deposit that 
blackened all parts of the chamber except the window toward the 
spectrograph. The iron was raised only to a white heat, the filings 
not being fully fused. However, sufficient iron vapor was given off 
in the high vacuum to enable the cathode rays to yield a spectrum. 
In focusing the light on the spectrograph, the image of the metal 
anti-cathode was kept well off the slit, the light photographed 
coming from the cathode stream about a centimeter above the 
heated metal. 

As the experiments will be discontinued for a short time, pend- 
ing the installation of apparatus which may be expected to give 
much stronger effects, the following results are presented in the 
belief that they are typical of what such a discharge will yield. 
The spectra were photographed in the first order of a 1-meter con- 
cave grating, the scale being 1 mm=17A. The metallic lines were 
very sharp and the measurements for identification usually agreed 
with the published values within 0.02 A. Two reasonably strong 
spectrograms were obtained for calcium, in which the 26 lines listed 
_in Table I were identified. These were supported by three weaker 
photographs giving the same effects for such lines as appeared. 
Three photographs of the iron spectrum were made, which were 


* Ibid., 40, 377, 1914. 
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also concordant in the effects shown. While the 42 iron lines 
obtained are a small fraction from the rich region between \ 3400 
and \ 4400, they show the class of lines which appear under these 
conditions. 

RESULTS 


Calcium.—Table I gives a comparison of the relative intensities 
of the lines in the luminescence spectrum and in that of the arc 
in air. An arc spectrum of very short exposure on the same kind 
of film was used in order to obtain a general intensity comparable 
with that of the spectrum excited by the cathode discharge. In 
the fourth column is entered the symbol used by Saunders’ to de- 
note the series to which the line belongs. 


TABLE I 


LUMINESCENCE SPECTRUM OF CALCIUM 


N Lumines- r Lumines- 
(Exner and | Arc in Air cence Series (Exner and |! Arc in Air cence Series 
Haschek) Spectrum Haschek) Spectrum 
BAD EOs G0 6 if I P, A2oeR Ome TGP Wess saens tes p 
BLOieAs ees eeorace trace P, A230 s5Onnr TS) apne ae ab 
BaCOm2 iene De Mise Aircnict ees Ty A200 nL OnE TOe Glearircetest ec AB 
B8OR Sei « AVA, cee cieteneste T, AS O2nOniens 20 I p 
GOMMGTIO. 6.0 5 Fees Wee nen Meats Ty AZO 7/10 Owe TG og Ne eras |e en eee 
BOZOnS jee 8 2 T; AZ UORoOMaE Se ae lees Creed Se — 
BOAAa Seren 15 4 Tx 4355-50... 2 7 SL; 
BVOOMLO ae I 4 Rg LUIS AN). 5-0 20 3 Ty 
ROBT KD) 05 os 2 8 Pp, AAS Genie /jeaee 30 8 Ty 
BOeGro Ue 80 40 PH 4435.88... 8 I Ate 
BO4OELO nn ee Tana eee: Le 4455.00... 40 TS Bs 
3957-22... 4 trace T2 4456.10... Io if Tx 
BOOssO Zee 60 30 [PUL Il ZS Ry reuse: 5. 3 8 SL, 
BO74ROLee 6 2 T, 4578.88... Ila oc oe ee t 
MOBO 5 5 Ti) S| ac che oes t AEA M OS 7fif cs 8c 6 I € 
ACO5S3 Onna Pye ws be ae arcdeth t 4580.22... 8 2 t 
BOOS Ore oo. | Aor lisued Seaceets t AOS53 5 eee trace Sts ee 
4108.60....| trace 4 SL; || 4878.38... 8 4 SL; 
A220 OOM i00R 400 SL SOAR Os mee I I SIZ 
ADA ONO Tee I 4 SL 
| i 


In the luminescence spectrum, the lines H, K, and \ 4227 are 
much the strongest, and perhaps the most striking feature is the 
phenomenal intensity, combined with sharpness, of 4227. “in 
the arc and furnace, even in vacuum, this line widens and reverses 

* Astrophysical Journal, 32, 154, 1910. 
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more strongly than any other line in the calcium spectrum. Its 
intensity, so far as this can be based on widening, has seemed a 
reliable indication of the vapor-density of the source. When 
excited by cathode rays in the present experiments, a strong central 
maximum is present with apparently no tendency toward reversal. 
This is illustrated by the fact that while the grating used does 
not usually give perceptible ghosts, even of very strong lines, the 
first-order ghosts of \ 4227 are now of about the same intensity as 
the H line. Apparently we have here a low vapor-density, result- 
ing in an extremely narrow line, combined with other conditions 
highly favorable for the production of \ 4227. The strength of 
\ 4227 is the only resemblance to the furnace spectrum. The 
luminescence spectrum brings out strongly H and K and the 
enhanced pair \ 3706 andA3737. The latter have not been obtained 
in the furnace, and H and K are weak in the furnace as compared 
with the arc. 3159.01, belonging to the same series as the first 
two lines in Table I, is probably present, but blends with the 
diffuse head of a nitrogen band. 

Another noteworthy feature of the luminescence spectrum is 
the weakness of the group of six lines near \ 4300, of which only 
the strongest, \ 4302.70, was photographed. This group is one 
of the least variable in the usual sources, including the furnace at 
different temperatures. 

Table I shows further that the series triplets are uniformly weak 
in the cathode discharge as compared with the arc, while the mem- 
bers of the “‘single-line’”’ (SL) series of Saunders are much stronger 
than in the arc. Some of these, such as \ 4108.60, are diffuse in 
the arc in air, and are rendered more distinct by any of the vacuum 
sources, but this does not account for the high relative intensity 
obtained here. Saunderst has recently placed 4227 also in a 
single-line series, of which the other members are in the ultra- 
violet. 

If a general feature of this discharge is an excitation of the more 
fundamental vibrations, as the experiments of Lewis seerned to 
indicate, the several series, consisting of single lines, of pairs, and 
of triplets, respectively, are of increasing complexity in their 


tTbid., 43, 234, 1916. 
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vibrations, since they are arranged in this order in the facility with 
which they are given by the cathode luminescence. 

There is no evidence that new lines are produced by the cathode 
discharge and, with the exception of certain nitrogen bands referred 
to later on, all lines in the luminescence spectrum have been 
identified with known lines of calcium. 


TABLE II 


LUMINESCENCE SPECTRUM OF IRON 


rN 
(Rowland) Int. (Rowland) ie 
0.762 : Hee Sek Oy PREY We ict geo Sinks oli trace 
he : ae Se ti 4 28EZoTOOn ae ete enoe trace 
BOM On 217 Bieter tation es 3 BSTSOSTS ccicmierenetaetes I 
BESTA wala ve tetterors Io BS20 NS OO cetenee 5 4 
ZOOOROOSm sraeuesternls iene I 28245 5OUei er ene 2 
BOLS O10 eae Sean he I 3820 O27 reer aetet tee 2 
B03T OOS mem acman cree I 282A 320A aes See I 
BOAT ROSSI chinksnieres iT BSAO {SSO ae acre trace 
ZOSO7 OOO esate: trace BO 505 24h, n.sce stays 3 
20S 7HOLO MME eer trace 2800305 Se coer pee 15 
B37 Ol TOOL EE nae riiee I 38787200. aaeeeee i 2 
37/20 OO ene reser 20 2880. ABA site ore 5 
A722 720 mata iene I 3020. A LO Mee hea I 
B72 Te TO tee erate tee trace 30233054).1. asec I 
BURG OLA erasers ar ersiees ii ZO2807Sare ontario I 
B73. DOU aa saeere f I2 20301450 nn eiaem tee I 
UP ny olen ot acres o 8 AO4'S 1075 ack a eee I 
Su Mele MOb y oa bo b.0mtee 2 4 430S5O8te. eee trace 
27 AQO3 Tha cts eee 4 4325 .:030Neimenis ere trace 
BS ORS 7 SSA ote 2 A239 3157 20 ete ee 2 
37 OB OA Sutera I AAOAUOD 7 acre Meee trace 


Iron.—The list of iron lines identified, with their estimated 
intensities, is given in Table II. Their general characteristic is 
that they are the strongest lines in the flame, furnace, arc, and 
spark spectra. Hemsalech and De Wattevillet observed all of the 
lines listed in Table II, and a few others in the oxyhydrogen flame. 
Although considerable differences in relative intensity appear 
between the flame and the cathode excitation, the latter seeming 
stronger in the ultra-violet, we cannot tell how far differences in 
contrast and in the treatment of plates may account for the varia- 
tions observed. The strongest lines of the luminescence spectrum 

* Comptes Rendus, 146, 962, 1908. 
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are also the strongest in the flame, but many very faint lumines- 
cence lines are given as of considerable strength in the flame. 

The furnace material available, part of which has not been 
published, shows that the lines of Table II appear at low tempera- 
tures, below 2000° C., and reverse readily at temperatures above 
2300°. They would be placed usually in Class II of the furnace 
classification. In the arc and the condensed spark these are 
among the strongest lines, reversing readily with high vapor-density. 
The strongest lines of the luminescence spectrum, Ad 3581, 3720, 
3737, 3860, are of great strength in all of the usual sources. 
The lines most characteristic of the furnace and the enhanced 
lines of the spark are, however, absent from the luminescence 
spectrum. While this may be due in some degree to the general 
weakness of the latter in the photographs obtained, it can at least 
be said that such lines do not dominate the spectrum, as they do 
in the sources favorable to them. A fair statement would be that 
the lines thus far obtained are those of an under-exposed arc 
spectrum of iron. When more lines are photographed we may 
expect, among various groups, differences similar to those occurring 
in the calcium spectrum. 

Band spectrum of nitrogen——The following nitrogen bands 
appeared on the photographs‘of the luminescence spectrum: 


Positive Pole Bands Negative Pole Bands 
3158.9 3581.5 
3371.2 3914.4 
3536. 5 4230.3 
3576.9 4278.0 
3755-2 4708.6 
3804.9 
4059.0 


While no attempt was made to locate closely the region of pro- 
duction, the appearance of the bands under these conditions is in 
harmony with the conclusions of Lewis,’ that the negative pole 
bands are produced by the impact of cathode rays, while the positive 
pole bands are given in all parts of the chamber. The concentra- 
tion of the cathode discharge should favor the negative bands, and 


z Astrophysical Journal, 17, 258, 1903. 
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this is borne out by the fact that they are much the stronger. The 

eads of the positive pole bands appear as diffuse lines, while the 
negative bands \ 3914 and A 4278 are strong enough to show con- 
siderable structure. These bands present the curious appearance 
of fading out a short distance from the head and then continuing 
again. This was observed by Deslandres* to be peculiar to low 
pressures, and to result from the suppression under these conditions 
of one of the series of lines composing the band, only a few of the 
first members of this series appearing, while at atmospheric pressure 
the full structure is present. 


SUMMARY 


1. A method, applicable to a wide variety of elements, has been 
developed for the production of metallic spectra through the 
luminescence excited by cathode rays. 

2. The spectrum of calcium in this discharge consists of lines 
present in the arc, but differing in relative intensities from the arc 
and other sources. The lines of the several single-line series are 
strongest, followed by the lines occurring in pairs, while the triplet 
series are relatively faint. 

3. The iron lines thus far obtained belong to what appears to be 
the fundamental group in the iron spectrum, strong in all of the 
usual sources. Lines characteristic of the low-temperature sources 
and of the spark are absent. 

4. Bands of the positive and negative pole spectra of nitrogen 
have been photographed, the negative bands having high intensity. 


Mount Witson SoLar OBSERVATORY 
October 9, 1916 


* Comptes Rendus, 139, 1174, 1904. 


28 


Contributions from the Mount Wilson Solar Observatory, No. 126 
Preprinted from the Astrophysical J ournal, Vol. XLV, 1917 


STUDIES BASED ON -THE COLORS AND MAGNITUDES 
IN STELLAR CLUSTERS 


FOURTH PAPER: THE GALACTIC CLUSTER MESSIER 11 
By HARLOW SHAPLEY 


Of the many striking stellar clusters in the great galactic clouds 
extending through Ophiuchus, Sagittarius, and Scorpio, none has 
received as much attention as Messier 11,! the very rich open 
aggregation of stars in the small constellation of Scutum Sobieski. 
Discovered by Kirch two hundred and thirty-five years ago, it has 
since been observed and described by nearly all students of clusters, 
nebulae, and comets.?_ In 1836-1839 a catalogue of micrometrically 
determined positions of 184 of its stars was undertaken by Lamont 
at Munich. Thirty years later Helmert at Hamburg repeated the 
measures, forming a catalogue of 200 stars and comparing his results 
with those of the earlier astronomer. The favorable length of the 
interval since the work of Lamont and the serviceable check by 
Helmert’s later catalogue led Stratonoff at Tachkent in Turkestan 
to redetermine in 1896 with the more accurate methods then avail- 
able the relative position of the stars, and to deduce proper motions 
for the cluster as a whole and for its individual members.’ To 
accomplish this the positions were measured on photographic plates, 
not only for the stars in the cluster, but for several hundred stars 
outside its bounds. The 861 objects, whose co-ordinates to the 
hundredth of a second of arc are tabulated by Stratonoff, include 

t Messier 11=h.2019 = G.C.4437=N.G.C.6705; position for 1900 (from Harvard 
Annals, 60, 214, 1908), a=18" 4577, 5=—6°23’; galactic longitude=355°, galactic 
latitude =—3°. The conspicuous bright star in the south-following edge of the 
cluster is Lalande 35043 =B.D.—6°4929, etc. 

2 For instance, see the paper by Barnard in Monthly Notices, 57, 15, 1896, and 
the descriptive and historical notes by Miss Clerke, The System of the Stars, p. 229 
(London, 1905). 

3 Annalen der kiniglichen Sternwarte bei Miinchen, 17, 305. 

4 Publicationen der Hamburger Sternwarte, No. 1, 1874. 

s Publications de V Observatoire astronomique et physique de Tachkent, No. 1, 1899. 


29] 


2 HARLOW SHAPLEY 


practically all the stars in an area of 700 square minutes which are 
brighter than a certain magnitude (near the limit of his plates). 
That the comparison of his positions with those of sixty years earlier 
gave only negative results for proper motion does not detract from 
the value of the work, for his result indicates the great distance of 
the stars involved, and the new measures of position afford a much 
sounder basis for the future investigation of motions. Stratonoff 
also determined the photographic magnitudes; but since his values 
are based on estimates of brightness taken from the B.D. catalogue, 
no especial accuracy is claimed for them. 

The present study of colors and magnitudes in Messier 11 was 
undertaken chiefly because of the cluster’s low galactic latitude and 
its position with reference to the star clouds of the southern Milky 
Way. The open cluster discussed in the preceding paper of this 
series,' Messier 67, is situated in galactic latitude +34°. Its 
constituency differs little from the non-cluster stars of that 
neighborhood, and the conclusion was reached that, unlike the 
globular clusters, it is nothing more than a condensation in an 
ordinary stellar field. The faint stars in that locality are of the 
redder color-classes, in agreement with Seares’s result for the North 
Polar stars,? galactic latitude + 28°.. A different result might be 
anticipated for stars in Messier 11 and for the fainter members of 
the rich galactic cloud which forms its background. The deter- 
mination of color-classes in such regions thus contributes directly 
to the problem of the extent of the Milky Way, and bears as well 
on the relation of open stellar groups to the surrounding clouds of 
stars. 

The large angular distance of Messier 11 from the reference 
field of standard magnitudes at the North Pole has made it difficult 
to secure good intercomparison photographs, and it has been neces- 
sary to reject many plates without measurement, either because of 
deformed images, or because of marked differences in the seeing in 
the directions of the cluster field and the North Pole. The plates 


* Mt. Wilson Contr., No. 117, 1916. 
? Ibid., No. 81; Astrophysical Journal, 39 361, 1914. 


3 Excellent photographs by Barnard of the star clouds in the region of Messier 
11 are published in Lick Observatory Publications, 11, 1915. 
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finally adopted and used for the determination of magnitudes are 
described in Table I. The time and hour-angle for each plate 
refer to the middle of the exposure on the cluster. 


TABLE I 


List OF PLATES 


ember Date, G.M.T. Pent: | Exposures | itime'® |Hour-Angle | Extinction 
BAGO aaa IgI5, June 7.965 | Iso 3 Io™ 23°5 W | +oMo6 
DAOSa cn 7.960 | Seed 27 3 2 21.5 W | +0.11 
BOSS.5 an. Aug. 16.804 | Iso 8 5 34 W | +0.02 
203 0n soak 16.803 | Seed 27 3 2 33 W | +0.06 
SECOUN ce 1916, July 5.710 | Iso 2 be) 4o E 0.00 
BPO Lai 5.704 | Seed 27 a I 42 E | —o.lo2 
BES ira. s 8.753 | Iso B 15 22 E | +0.06 
230% cieeis 8.746 | Seed 27 3 BG 25 E| +o0.11 


* Duration of exposure on cluster uncertain; the measures on Polar Standards rejected and scale 
of piate and zero point determined by comparisons with results from other Seed 27 plates. 


The method of measurement and reduction is sufficiently indi- 
cated in the preceding papers." In order to abbreviate the catalogue 
of magnitudes, the residuals are omitted and a brief discussion 
of them is given in Tables II and III. An error in the timing of 
one exposure on Plate 3236 (not discovered until the plates were 
measured) made it necessary to determine the scale from the results 
of the other Seed 27 plates. To do this the mean magnitudes in 
the eighth column of Table II were plotted against the scale- 
readings for the corresponding stars on Plate 3236, and the resulting 
curve was employed to determine magnitudes for all stars measured 
on that plate. 

The residuals for the different plates in Tables II and III are 
the deviations (in hundredths of a magnitude) from the tabulated 
means after the systematic deviations at the bettom of the table 
have been applied. The stars included in these two tables are 
chiefly near the center and are the most difficult in the cluster. The 
average errors for the more distant stars are appreciably smaller. 
The tabulated residuals show that no important errors are present. 
For one plate, which showed diversely irregular images for the more 


i Mt. Wilson Contr., Nos. 115, 116, 117. 
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TABLE II 
RESIDUALS FOR PHOTOGRAPHIC MAGNITUDES 
: PLATE 2468 PLATE eG PLATE one pees PLATE 3236 Weare 
maw SS esi or ALL 
Mag. | Res. | Mag. | Res. Mag. | Res. | Pirates} Mag Res. PLATES* 
AAO rete aise: 14.37|— 4 | 14.18|—10 | 14.21/+ 1 | 14.25] 14.43|+13 | 14.30 
AOS a5 Des HOD8 OlpOd dec | |ooourt E270 po Tonle Omen ieee 12.66|/+ 5 | 12.61 
AL, B660HC 0008 14.27|+12 | 13.88/—14 | 13.79/—15 | 13.98] 14.21 +17 | 14.04 
AGEWAO ao te 12.84|/— 6 | 12.79/+ 2 | 12.63]— 6 | 12.75] 12.90/11 | 12.79 
BOO cf acre aero 13..00|— 97 || £3577 egal ere eee eee 13.90/+ 4 | 13.86 
Ueiiccone souae 14.89|— 7 | 14-87|4= 4 |o---- - |e nero 14.78/— 7 | 14.85 
CPV silane aoe 13.06/+10 | 12.84/+ 1 | 12.71/— 4 | 12.87] 12.80]/— § | 12.85 
(ly PX iiss Oe eee IOC 15.74/+ 3 | 15.67/+ 9 | 15.39/—11 | 15.60] 15.60 o | 15.60 
A Omer epee suo: 13.09|—18 | 13.15|+ 1 | 13.25|+19 | 13.16] 13.14/— 2 | 13.16 
ROWE SSACEO DAG Y 12537 |— Vv 2630 Om | eereetes |oeaeanes | ieee 12525|\— OF leroees 
BOLM tre ees 12.07] o | 12.11/+17 | 11.71/—15 | 11.96] 11.95/— 1 | 11.96 
iXok Weenie 14.76/+13 | 14.40}—10 | 14.48|+ 6 | 14.55] 14.44/— 8 | 14.52 
ETO! aero noneks T220|—' OW || 12902) a eee ee einen teeeenen TOSI Be || ses iS 
CBU ARa.s Sito noRKor 13.73/12 | 13.48 On| 013.220|— 15 1835 Olt s 40] lan enzo 
BIO eo vais seers 15.13|— 8 | 14.96|/—12 | 15.03|/+ 3 | 15.04] 15.28/4+18 | 15.10 
erste oo apoio 15. 40|—13 | 15. 53-13 | 15-30 |e 7 S44 eso ean Gere 
ie Rane cicieac aac 12).44\-- 8 || T2530\-> 7) 12..02|— 13) 22251582. 23) aeons 
ROAR R GB ane.ais I5.50 © | 15-30/—— Fl T5assia 4) B5es0l) bse 4 sini eeSeso 
ON 6 awermtiene 14.13/— 2 | 13.92/—I0 | 14.00|+ 6 | 14.02] 14.11/+ 7 | 14.04 
533+ 2es sees Teles | |seecaallo' va ac 13424\—11 | eee T3053\ 71-1 Su ESeA5 
Ce Cites epecaceeoiery 14.43|/+10 | 14.11/— 9 | 14.16/+ 4 | 14.23] 14.16/— 6 | 14.22 
Ley ae Peeters L207 |= 14, 025/82) 4a eee ete |e eee 12.6I1— © | 12.70 
Le ote ey eae ORT (n Genoa to's ae 12.62|-+ 8 | 12.50|-F 4 |...... 12.55|— 1 | 12.56 
Ise hol Sete BORO I4.60|-+-10 | 14.23/—14 | 14.23|— © | 14.35) 14.48/-- 0 | 14-30 
BO acts o tele cen T3%30|— 11> || eae ea | ees £3 :5O|— On| pees .| 13.49|+19 | 13.30 
GA Dianetere seis exes TA223)--) Sab 13 O4— TO eretreci suerieel eeemeene I4.04 o | 14.04 
COAX Sain Maer ones LEC ae ee hater Ne Cbd clloodeciiaoces TA. 7O8|j-8 2) 1470 
GAG reine nenbate US. 16|— 22) tS AO| 2 tel L523 toe onl eh O ered eer 15.30 
BAA yatke ence es T2R07)|— "00 "|e eh aenaens SECA BiH Wen gts T2E EO tac On ety, 
BOTs ei everaies T2775 1 eh2 50 | O24 Olean Oneeom Osean mn One 
SSeS iy ekiaetane L5.00|-- 4 || 14.9L|—" 27) 14. 0i\4- 7 |p P4071 04.oA|—— TON er Anos. 
So Amen aah cehe TAs OO) rag Ree er eee I3.90/-+ 6 ]...... 1305 (Ou snOe 
G5 Onesie aes acie. 13°. 00l-}-13 || 1£3.00|==) 251003054 Not oe Ol ersnn sea OG 
Gitegtornn cos TANGO ul een Reon PAy.AT j= O alterna I4.290|—13 | 14.42 
TOPs aint coc unas TAG 3|— 04 Al cea eee FA. O5\= 10s one 14.49/— 7 | 14.56 
Ob acrinseen 13.04|=— 7 | P30O8|--e4 |ers5 4 — a2 | er sHOO| mre 57 Ones nOO 
(iyfelite ole. ped ca 15.65|-+-10 | 15.40 5 |) 15.22|—"O | rs5643) 15 231s ress 
SDE Mn aaiins akereree 13-471-- 4 || £3. 30l- 6 13014 Salers 4 2eoe 33ers lance 
Piha ie oan one 15.43/—24 | 15.67|+13 | 15.52/+ 5 | 15.54] 15.64\+ 8 | 15.56 
5 OT Wayne take TE OO] — 5 al eres lool eke aA 2 Moo, 5 ox IL.O1|+- 7 | 11.84 
oe SOO PHO Séllsaaas alto o oe TA) 20\ =" Sule AN20\ toa Oi (ene: 14.39|+ 8 14.31 
= SNE ysrey acces 13.93}--10) | 13.08|— 2 | 33 558|\— 4 er se 73) ease 7a |— neler 
SOOMarre ae 15.22) 0 | 15.19|/+10 | 15.06/+ 5 | 15.16] 14.95/—16 | 15.11 
BOSk end ar 13.90/— 9 | 13.95 + 9 | 13.72|— 6 | 13.86] 13.93/+ 5 | 13.88 
BO SU eerie UC ek Gy NP EGIEC EN ipa h Inline eh |) TS AS i agi Ze | ai 
OOORy aas.atraner 14.43/+1 I4.04|/—I I4.2 — Fo 
ras 3 | 14.04|—13 | 14.21/12 | 14.23] 14.08]/—11 | 14.19 
ae eee 15-97 —10 | 15.91/— 3 | 16.16/+30 | 16.01] 15.81/—15 | 15.96 
cee pease 8 | 15.50/— 7 | 15.49/— 9 | 15.65] 15.76/+ 8 | 15.68 
Polis honeaegs a Ate Ohh S eA Ewa 3 20 |e Gan |e e1| eee 13.44 
Beh rotted 4.37 |= 13 iseeceribos esl LARS Olt 27a heel Ame sear 14.39 
No. of values... 47 42 
LNB OSY. cic bine s =0.085 +0.079 Secs = : 
SVStic evar TO aii —0.02 | aes le 


* In some cases th 
catalogue, because of the 


ese means differ slightly from the final mean photo i i i 
rean: ) r graphic m: 
application of the systematic corrections derived with the aid of this, Te on 
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distant stars, only images near the center were measured; and for 
Plate 3235 the relatively long exposure of 15 minutes made impos- 
sible the accurate measurement of the brighter stars. 


TABLE III 
RESIDUALS FOR PHOTO-VISUAL MAGNITUDES 


STAR 


PLATE 2467 PLATE 2638 PLATE 3180 PLATE 3235 
Mag. | Res. | Mag. | Res. | Mag. | Res. _ Mag. | Res. 
14.19|/+ I | 14.16|/+ 2 | 14.26|+ 2 | 14.20/— 4 | 
13.18}—10 | 13.36|/+12 | 13.25/— 9 | 13.40/+ 6 
13.77|+ i | 13.56/—16 | 13.80/— 2 | 14.00|-+18 
14.66/-+ 6 | 14.53/— 3 | 14.63/— 3 | 14.66] 
14.64/+ 3 | 14.57] 0 | 14.73|/+ 6 | 14.57|—10 
14.04|+12 | 14.17|+19 | 14.00/— 8 | 13.96|/—12 
13.68)— 8 | 13.71/— 1 | 13.84|/+ 2 | 13.89/+ 7 
13.97|—II | 14.14|+10 | 14.07/— 7 | 14.21/+ 7 
13572\——9 2) DSe70\-- Of 13. d0\ Oi ts574 so 
13-.97|— 6 | 13.92/— 7 | 14.10/+ 1 | 14.21/+12 
14.24|+ 5 | 14.23/+ 8 | 14.33/+ 8 | 14.04/—21 
14.22|+ 2 | 14.05|—1z | 14.29|+ 3 | 14.32/+ 6 
14.76|/+ 5 | 14.61/— 6 | 14.83/+ 6 | 14.72/— 5 
14.47/+ 6 | 14.29/— 8 | 14.60/+13 | 14.35|/—12 
14.84/— 2 | 14.88/+ 8 | 15.04/+14 | 14.69/—21 
1260/9 6481 2200|-1-) Le) 032.0315) en 315]. 
14.96/+ 5 | 14.79/— 8 | 14.91/— 6 | 15.06/+ 9 
ISS co) |) sear lage Pues gy | avy on 
I4.00|-- I | 14.11/--To |} r4.10/— 1 | 14.00|—11 
14.13|+ 3 | 14.03/— 3 | 14.13/— 3 | 14.20/-+ 4 
14.17|—14 | 14.31|+ 4 | 14.42/+ § | 14.42/+ 5 
14.90|\+ 6 | 14.76/— 4 | 14.84/— 6 | 14.93/+ 3 
14.76/11 | 14.53|— 8 | 14.63/— 8 | 14.77|+ 6 
eset eer Gat yell ney || Bese 1s) ls aoocdllooooc 
HO Ge Se || TOROS Ah || WOE 2) Wwean dooods 
£22 23|--s Es |sl 2h © |t232 ©: eared dull meena 
peti ae || TRS Ai) ES) —AB jlo ocooolleoase 
12.34 Gi | MAAS 2|) WIAA B leo cocallsocnc 
HOE Os Sh | TOA || WAI W |lesocaellosecc 
Up a="xe) || TT — Te lait Zils Sou nalleacac 
Teale, |) wa Aa ty | SEES OD lo dodacllsoces 
rie, alates (| Gera Ale neh || RON LP |b oo salle cook 
12.01|/+11 | 11.76}—10 | 12.00 Oo) euereloieilscor cos 
12.71|+ 2 | 12.59/— 6 | 12.83|+ 4 |.....-|...-- 
EZ O\—— (OP || aren apere | ase —aNs) cc uoallcoaat 
ID.A45t— 6 | 12.33/—24 | 11.81|--20 |......|--..- 
TAGES we | Geel |i aneatolar  lbssccsllacos: 
12.05|+ 2 | 12.98/— I | 12.11/— 2 ]......]..... 
E25 h|-e sete -O5|-F- eT, | 1205 |S) liaepaeiienrenene 
39 39 39 23 
—0.02 —o.06 +o.04 +o0.04 
—0.02 —o.06 aout, wily coeroode 
=0.052 +0.071 +0.053 +0.087 
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With a few exceptions, all the magnitudes of the main catalogue 
(Table IV) depend upon at least two plates. The numbers in the 
first column are those assigned by Stratonoff. Stars marked with 
an asterisk are omitted from the statistical discussion, either because 
neighboring images are so close that the Eberhard effect may have 
influenced their magnitudes, or because of uncertainty in the 
measures. Except for close groups and double stars, the general 
concentration of images on the plates used is not sufficient to cause 
fear of perceptible errors from the Eberhard effect or similar phe- 
nomena. ‘The residuals give no evidence of a differential effect of 
this kind between the plates; and, even for stars nearly in contact, 
whatever errors enter affect mainly magnitudes and not colors, for 
the densities of the stellar images on the two kinds of plates are 
closely comparable. In choosing stars for statistical discussion, 
however, liberal exclusion was made wherever possibility of such 
systematic errors was suspected. The results tabulated in Tables 
VI and VII should, therefore, be completely free from systematic 
or accidental errors depending on stellar condensation. 

The numbers with postscript letters in Tables II, III, and IV 
refer to objects not listed by Stratonoff—those with appended 
Greek letters indicating the components of double or triple stars, 
and those with italic letters referring either to close faint com- 
panions or merely to neighboring uncatalogued stars of a photo- 
visual brightness comparabie with that of the stars catalogued. 
Using Stratonoff’s stars for reference points, identification positions 
of the postscript stars were determined by measurements with a 
millimeter scale on enlarged positives. The right ascensions and 
declinations so obtained are listed in Table V._ For positions of the 
Stratonoff stars reference must be made to the Tachkent catalogue. 

As a matter of convenience in discussing colors and magnitudes, 
the cluster was divided into several concentric regions. The num- 
bers in the second column of Table IV refer to these divisions, 
Region 1 including all stars within o!5 from the center, Region 2 
including all stars between o'5 and 1/0, Region 3 those between 
to and 1/5, etc. The star at the point adopted as center of the 
cluster is No. 462, for which the position for 1900 is: 

R.A, =18 45™ 42575, Dec.=—6° 23! 12"8,. 
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TABLE IV 
PHOTOMETRIC CATALOGUE OF 458 STARS IN MESSIER II 
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TABLE IV—Continued 
No. | Region | Pg. Mag. | Pv. Mag.| Color-Index|| No. | Region | Pg. Mag. | Pv. Mag.| Color-Index 

308* 4 14.96 | 14.65 | +0.31 258 & 13.84 | 13.66 | +0.18 
310. 4 TerO4n | D20525 |e Ons 250i: 3 14.33 | 14.25 | +0.08 
3100 3 15.60 | 14.34 | +1.26 360*, 4 PARO2) tA 25) \e-|-Oney 
314. 5 14.28 | 14.16 | --o.12 362. 5 13.68 | 13.28 | +0.40 
Buse 4 14.48 | 14.19 | +0.29 363. 3 14.00 | 13.86 | +0.14 
Sine 6) |"14, 30) 14) 141-0220 gOde 4 T2740 Fi.440 |) be 20 
B20nee 5 TAT OA | E4)0 7m \eetcOk7 365* 3 ie) BAA OTIS | = ie 7/4/ 
22 horas Ou tA SOn iA 5 Onl Onso 306. 3 TROD a2 a5 2 mlet-On5 6) 
32270. 6 13.46:| 13.12 | 0.34: || 368. 3 14.08 | 13.60 | +0.48 
Boake 4 E3u 54) | 020 S2) On 2 369* 3 14.44 | 13.76 | +0.68 
3230 4 14.66 | 14.51 | +0.15 370* 3 15.04 | 14.64 | +0.40 
324.. 4 13.80 | 13.70 | +0.10 2728 2 14.56 | 14.10 | +0.46 
3240. 4 S207 |a04s OM eai Ons E Bae 2 14.86 | 14.68 | +0.18 
3255. 3 13.04 | 12.48 | +0.56 374. 2 14.46 | 14.10 | +0.36 
328. 3 TAMUUMETS OA Ne -On2 7, 375- B E25 4a |e Tee AO mall On5 7 
320. 3 14.65 | 14.30 | +0.35 376. 4 I4.I0 | 13.58 | +0.52 
330. 4 14.66 | 14.26 | +0.40 3764 4 E5-2L | 14278 "| 1-07.33 
3300 4 15.84 | 14.68 | +1.16 B77. 4 £3.64) |) 13227) |) 1-02.37 
331- 4 12024) | Le IAs erro 378. 2 E4, 15) || 13.078|) j-O. 35 
2338 6 14.06 | 13.86 | +0.20 379. 4 14.76 | 14.31 | +0.45 
334. B 14.18 | £3.05 | +-0.23 380. 3 14.49 | 14.16 | +0.33 
Ba5r 3 15.24 | 14.84 +0.40 381. 4 £2.44 | TE. Or.|) 4-0.03 
330. 3 12.08 | 11.29 | +0.79 3814 4 15.20 | 14.27 | -+-1.02 
3300 3 15.26 | 14.66 | +0.60 383. 4 14.12 | 14.04 | +0.08 
8376 Ay t4cOLe tae 24a One 7, 384. 6 14.58 | 14.52 | +0.06 
338. 4 13.36 | 12.90 | +0.46 385. & 12.96 | 12.18 | +0.78 
3380 5 15.60 } 15.00 | +0.60 386. 5 14.64 | 14.37 | +0.27 
341. 3 12.42 | 11.78 | +-9.64 387. 3 12.84 | 11.30 | --1.54 
342. 3 13.22) | 20.47) | -tey75 389. 2 14.67 | 14.36 | +0.31 
343. 4 14.18 | 13.74 | +0.44 391. 2 13.18 | 12.76 | +0.42 
344. 5 13.23 | 12.62 | +0.61 302. 3 15.04 | 14.74 | +0.30 
345. 4 12.06 | 11.32 | +0.74 393. 3 13.54 | 13.18 | +0.36 
3454 4 15.30 | 14.80 | +0.50 304. 2 14.16 | 13.92 | +0.24 
346. 3 12.82 | 12.46 | +0.36 3940 2 15.34 | 15.00 | +0.34 
347. 4 | 13.32 | 11.74 | +1.58 || 305* 5 | 12.19 | 12.31 | +0.84 
348. 4 14.84 | 14.60 | +0.24 396 5 ES sLOl erg 

. ; .92 | +0.24 
348a 4 15.13 | 14.62 | +o.51 307. 4 14.98 | 14.62 | +0.36 
350. 6 | 14.42 | 14.40 | +0.02 39074 K 15.68 | 15.02 | +0.66 
AGE: 5 13.45 | 13.06 | +0.39 398. 2 13.84 | 13.51 | +0.33 
352. 5 | 13.69 | 13.32 | +0.37 400* 3 | 14.68 | 14.28 | +0.40 
353. 3 13.68 | 13.31 | +0.37 402 4 13.00 | 12 

. 253) || ateO- 

354. 6 | 14.55 | 14.52| -+-0.03. || 403. 3 | 23-5 3npag 24 ae 
353, 3 14.49 | 14.04 | +0.45 404. 3 14.36 | 14.02 | +0.34 
35 4 12.60 | 11.94 | +0.66 405. U 13.18 | 12.93 | +0.25 
357- 5 14.78 | 14.52 | +0.26 406. 6 14.99 | 14.70 | +0.29 


36 


No. | Region | Pg. Mag. | Pv. Mag. | Color-Index|| No. 

407. 3 £103. | FLLO2 | -|-0.01 450.. 3 
408. 3 I3.00 | 12.52 -+0.48 456a. iB 
409. 2 TAC 7A gets LT | E-t-OUOs 457%: I 
410* 5 14.80 | 14.18 | +0.62 458.. 2 
4II i 14.04 | 13.84 | =-0.20 450.. I 
Alla S ESt426\005. 10 || 4-032 460.. 2 
Al 26. 2 S654, |) E2. 0G) 4-12.30 4600. 3 
414*.. 3 T3500 [53.54 | "--o.42 461.. 2 
417* 5 14.64-| T4-13 | =-0.51 401a. 2 
419. 3 15.36 | 14.80 | +0.56 462.. I 
4rga. 4 I5.00 | 14.72 | +-0.28 4620. I 
420... 2 TeeAle|ecse26: |) -|-Onts: 464.. 3 
420a..| 3 | 15.43 | 14.99 | +0.44 || 465..) 3 
BAT 3 £ST 3) ete 00! -0-53 466*. I 
42ta*.| 3 | 15.42 | 14.56:| +0.86: || 466a*| 1 
422* 3 13.22) | 912.06) |-=-0:50 40748 4 
423. I VAG I SER |p Sra Og 468.. 4 
424. 6 £2.72 )) 12.23 || -+-0.40 408a. 4 
425. 2 2.020 )42202% | 1-0. 50 469.. 2 
426* 3 Bee 2 l £2,070) 10254: 470*. I 
427.. I £35 20m|eDt One| 040 Ayer 4 
428*. iS 14.89 | 14.30 | +0.59 LP I 
430.. 4 ES) 32522205) e044 4720. I 
431. I ialty || swqrae Ils fein Vk Avia I 
4314 I FOL OOM EE 5625 |i On72 4750: 6 
432" I TIOAM ET Ses 2a [O15 476. I 
433- 2 neg) |) asides || qpueOS 477 2 
436.. 4 DAT D2) ers 74) 1-003 480. 5 
eae Suuleice An eLOnOOs |i 1-027, 481. 2 
438* 2 | 14.84 | 14.38:| +0.46: || 482°. 2 

ae 6 £3" OAs PES 40) |) -}-O205 483. 6 
ves 5 as 14.10 | +0.08 484. 4 
442* 5 | 14.00-|-£3.82 || 10.18 485. I 
443..- 5 EQS On brse320 | qtO220 486. I 
444.. 4 TA OR OLA 5258] 1.0230 487. 2 

; I E2074 £26420 1-0. 52 488. 6 
eee I 15.24 | 14.78 | +o0.46 489. 3 
446. Bi) 83-58. |-13-27 | -FOs3t |) 499°.) 3 
447. 2 14.06 | 13.64 | +0.42 4goa 3 
448. 5 14.02 | 13.94 | +0.08 491". Z 

areas I 14.30 | 14.20 | +0.10 492.. I , : : 
pre 6 13.09 | 12.84 | +0.25 493-- 2 : ; ; 
ASQ I 12.65 | 11.89 | +0.76 404..- Z ; : f 
454... 6 12.66 | 12.16 | +0.50 494¢. 3 : ; ne 
ARS eee 6 14.84 | 14.62 | +0.22 495*. 2 : ' . 
eee ee 
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TABLE I1V—Continued 


| 
No. | Region | Pg. Mag. | Pv.Mag.| Color-Index|| No. | Region | Pg. Mag. Pv. Mag.| Color-Index 
496a*. Beler4n7Onletsco7Ml =a ROnos 540*. 3 .06 
ZoOB* a) (ese etets alga eres OnllenOn > Eye 5 .19 
4967*. B 142, GON L367 Ol ease Mid 5427. 2 39 
497---| 3 | 14.82 | 14.43 | +0.39 |] 542%) 2 74 
498... I uiesiohe. |) sepa y pe [Ito fe, 543... 2 34 
4go*..| 5 || 13.80 | 13.22 |, bo.28 Ml Sagi Sau emt sOge) Phas Sn) sa O102 
SOLea. AP eELAOON |e tite | sxtOnOS BARR 2 9-3 8 +0.8 
502... 2 | 14.24 | 14.05 | +0.19 546* 4 | 13.47 | 12.68 | +0.79 
ROgteE 2 14,52 | 14.21 |) 4-0) 35 548* 4 12.23 | 11.32 | +0.91 
BOAR as Ey amare latent. lho oy. 24y/ 551 z, 12.62 | 12.10 | --0.52 
Homes « 2 £2.80) | 11.92) | --O88 552 6 14.20 | 14.28 | —0.08 
SOvnoe 3 ESVO2 Me LE OL Me pate 553 2 14.04 | 14.67 | +-0.27 
508. .. 6 EI |) Aa) |) Se laste) 5530 2 D577 (ebb at 2a st OnOm 
509". . 2 TZ. 2OneL 2) ACME Ono? 554 3 13.93 | 13.84 | +0.09 
Buei%s 6 2 TATAON ETA 122) |. On 2A: isis 3 477A, |§E250E | 1-13 
514. 2 Ge | weg) || qrOnde 556 4 13/06) ||) 53'500|) 1-0. 20 
Saige 7 14.09 | 14.08 | +0.01 556a 4 16.17 | 15.08 | +1.090 
516. 3 12/312) |) 11 SON 1-01.62 557 4 13.56 | 11.50 | +2.06 
BiG 2 13 SOulnIeO7alnt-OnAs 557a 5 15.14 | 14.85 | +0.29 
519. 4 13.30 | 12.88 | +0.42 5570 5 15.14 | 14.68 | +0.46 
519d. 4 15.56 | 15.00 | --o.56 558 3 14.42 | 14.32 | +0.10 
520m 2 15-10 | 14.43 | +0.67 558a 4 16.68 | 14.68 | +2.00 
5200 2 15.43 | 14.8601 4-01.57 559* 3 15.08 | 14.38 | +0.70 
522 2 13.01 |) 13.040) -on57 560* 2 £2600 Phot tt .09 
S230 3 LAPIS APSR Hes | els). 7/7) 561* 2 14.78 | 13.92 | +0.86 
5234 3 | 15-39 | 14.93 | +0.46 || 562 3 | 14.55 | 34228: 0.2 
524. 2 14.04 | 13.94 | +0.10 563 2 13.12 | 12.61 | +o es 
525 ; 3 12.08 | 11.14 | +0.94 563a 3 15.48 | 15.01 | +0.47 
525a 3 14.58 | 14.21 | +0.37 564* 3 14.28 | 13.40:| +0.88 
526.. 4 13 OZ m ats eOOm |i Omn7 564a* 2 15.36 | 14.56 | +0.80 
526a* 4 | 15.4r | 14.66 | +0.75 564b* 3 15.36 | 14.52 0.8 
52omn fF £3)..54 |) 13.46 || 4-90.00 565 4 : 86 ea aie a 
529. 5 13.48 | 13.36 | +o0.12 567 3 14.61 | 14.40 | +o. 21 
532. 2 TARLON iA; Om |cOnOs 568* 3 £3.32 || 12.56 | --n irs 
5324 4 | 15.47 | 14.76 | +o.71 || 568a%1 3 | 15.46 | 14.67 | +0.79 
Bec 6 3 13.44 | 13.22 | +0.22 509 6 13.26 | 12.96 ° 
533¢. 3 | 15.93 | 14.92 | +1.01 570* 4 . 20 | 12 87 ue oy 
533 - 2 14.22 | 14.12 | +0.10 5704 5 15.38 | 14.69 | +0.69 
534 2 12.67 | 11.27 | +1.40 S77 3 13.16 | 12.16 | +1.00 
53 5 | 14.58 | 14.22 | +0.36 || 572 4 | 13.33 | 12.94 | +0.39 
6a 

Se |e |e 
eee Pt hy 7 5) |) Se 3 | 13-13 | 12.74 | +0.39 
4-39 14.33 | +0.06 || 573a 3 | 15.34 | 14.88 | +0.46 
ee 3 3.29 | ID. 31 | -+-1.08 574 B 12.04) ) G2).40))| Pons 

3 | 15-50 | 14.57 | 40.93 | 570* 3 | 12.39 | 11.65:| +0.74 
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Region | Pg. Mag. | Pv. Mag. 
3 14.30 | 14.02:| --o 
4 FO/,220\ TRA SOx 
4 Pen tAcor. |= —O 
4) 14.38.)/53.73 | “FO 
4 15.32 | 14.90 | --o 
3. 14x64 124.00.) “0 
Aare eo CR LOSs EO 
4 | 14.56 | 14.35 | +o 
4 | £4.35. | 14732 | +0 
6 magaatey.e 1) Hea o tare) |} Gee) 
3 TACOS eas e700 le|-O 
4 £3.73) | 13.00: | 1-0 
3 15.14 | 14.88 | +o 
4 1593071 05500) || 41-0 
4 EGU ES|—FA47 3° ||) O 
3. h)23.04 | ti 20) ex 
7 TACO | -aAe 5) | 1-0 
5 14.22 | 13.88 | +o 
3 | 13.88 | 13.58 | +0 
3 | 15-47 | 14.92 | +o 
emer 2e2 Sct 2150" |e-1.0 
6 Teles || SERS Koyal| 0) 
yy paesyS- | 58.902]: 0 
4 13,02 |prre40 1st 
4 ESeAOn | Aa 73 alas 
5 12.40 | 11.80 | +0 
SP bdo: | 23007! |e 
5 15.96 | 15.00 | +0 
8 11.69 | 10.68: +1 
4 14.02 | 13.80 | +o 
7 12.83 | 12.14 | -+o 
4 | 13-34 | 12:94 | +o 
3 | 15.68 | 14.90 | +o 
4 |-%3-72 | 13-31 | +° 
Be AKO 30 1 £8257) oro 
[83487083 34.) ore 
Bi 54-45.) 14.2331 -F0 
5 | 13.21 | 11.20 | +2 
ae} £348") 83.27 | 1° 
A 18 182)| 54284) sO 
4 5.20 '| 14-54 | T° 
Be} 33% | 22-95.) 1° 
6 -t-14.82 | 34.58 | -h° 
Pe Ege US. 1013200.) 0 
gs | 15.48 | 14.62 | 0 
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TABLE IV—Continued 


No. | Region | Pg. Mag. | Pv. Mag. Color-Index|| No. Region | Pg. Mag. | Pv. Mag. | Color-Index 


7 7 | 13.58 

sec 7 , 6 I4.90 

OF 7 8 selaanyp |) bv beaG KO) |) pele)ndé lit 682.. 9 13.05 
6 : 4 I4.92 


NoTES TO THE CATALOGUE 


233. Components not separated on isochromatic plates. 

248. Components not separated on Seed 27 plates. 

4210. A close double, components unequal. 

461. Chosen as central star by Stratonoff. 

462. Position’of this star adopted as center of cluster; it is 32’ south of No. 461. 

470. Close double, components not separately measured. 

54s. This bright star, B.D.—6°4929, is No. 1 in the catalogues of Lamont and 
Helmert, and is the star upon which the Mount Wilson plates were centered. 
It is a minute of arc distant from the center of the cluster, and probably is not 
physically connected with the group. The star is too bright for accurate 
measurement on photographs taken with the full aperture of the 60-inch 
reflector. The visual magnitude according to the B.D. catalogue is 8.8, and, 
according to Lamont and to Helmert, 9.0 and 8.6, respectively. Stratonoff’s 
photographic magnitude, which, however, is based on visual standards, is 8.6. 
No proper motion has been detected in this or in any of the reference stars 
(Stratonoff, op. cit., p. 24). 

555. May be variable. About half a magnitude fainter July 8, 1916, than June 7, 
1915. The value of the color-index given in the table is of the right order. 

560. Close double, components not separately measured. 

570. Close double, components not separately measured. 

640. A close double; components equally bright, both photographically and photo- 
visually but not separately measured. 


The arrangement of the material in Tables VI and VII follows 
that of the analogous tables in preceding contributions.t The 14 
stars fainter than photo-visual magnitude 15.0 are excluded from 
Table VII. In the region covered, which is a square 6’ on a side 
with star No. 462 as center, all stars brighter than 15.0 are included. 
The cluster itself is apparently limited to a little more than half of 
this area, and is also limited chiefly to the brighter magnitudes here 
considered. The density of the stars fainter than magnitude 14.0 
or 14.5 is little, if any, greater in the cluster than outside, and there 


* Tables XII and XIII of Mt. Wilson Contr., No. 116, and Tables VII and VIII 
of No. 117. 
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TABLE V 
PosITIONS OF PosTScRIPT STARS 

Star R.A. 1900 Decl. 1900 Star R.A. 1900 Decl. 1900 
AN cee 18545™3188 | —6°21’12” || 4oga....... 18545™4480 | —6° 24’ 30” 
B200e rane tec 32.8 ors. AQOG. ine ere 43.9 eye fxr 
BOC Maine 32.3 20 30 AQOB a ener 44.0 Bl IP) 
BORO ssore a0 « 32.6 23 18 EMS oma co 44.1 2I 53 
DB Sara acce 32.6 23 20 SLOG srt 45-3 24 46 
BASIS cralerstert 33-4 22°55 5 2OC Merrie 44.4 23 28 
PAQE a tetrn ns 34.9 2r 58 29 0 stereo ee 45.9 22 16 
DAQU ait S407 22 4 CAGHEean cae 45-2 24 33 
BELGS ct aee.c/s 34.3 24 28 5200 wicctse 45-5 21 38 
BESO cee wc nisrs 34.5 24 16 §320an.acmes 46.0 2G 7] 
26005 Sescs 2 BAF BRE OD} 533 eee 45.1 24 18 
BOGD aisuchsya-. nee 34.8 Be, hy Ae oogaae 40.5 2I 29 
210 y (ae 34.8 23037, eee A ons 45.5 23m 
BO TO en ee 2 24.2 O2a55 S200 aer eee 46.0 24 19 
BRE oicrcresais ars 23 10 BOY oa 45-9 2B NS 
BE ROD we ee ects 3710 24 13 Cee o.a3 46.3 22557, 
BOSD osc tes 36.2 Domes 55 OGatersrateeces 46.6 22 6 
2060 sad esac « 37.0 21 39 Gy ia non coe 45-9 BS (0 
BLOG ater 3453 23 40 I (We Gnu ue 46.4 DS @ 
B28 oni.) sto S70 BH Isis SC Sd ate 47-5 24 26 
BORG ale ss ss Beez 220 ROR hee 6.6.6 46.8 27 
3300 nc. os: Bye 24 9 50402... S00 40.6: 23 16 
BRO rete whol: 38.2 22532 SOAD Tene oe 46.8 23 18 
BS OG rei. 5 s:sys/6 Evia De Ges FOSC Raa 46.8 23 47 
BAS@. «ais .s os Bor2 24 54 S57 Os niitte 48.1 Pa Aki 
BASE... Seca 38.7 Pi Bye a6 510.0.0 47.6 21 43 
B70Ge. cces << 38.9 24 46 573 Cae 47.3 22 58 
BOLO serotorsle.s.s 30n7, 24 41 SyfGoucococ 47.5 22 34 
BOA vin. c ajaste% 40.9 22 48 Bia egaces 47.5 24. 47 
BO 7G aie sate csers 40.5 De Gy Seon pane 47.6 24 45 
ALEQ Rtas 41.3 22053 SO Wiees sone 47.1 24 50 
AIOG wiapeieys <:0%> 41.3 24 50 GOLG ere terete 47.5 23820 
Z20D sa icte sss 41.9 BO) i ets erg wiclone 48.6 22 42 
AEC Seiaracass 41.9 24 22 5938 RAO SD ne 23 
ASL Gaye sete. Ala 23 20 elevin no acoo 48. 22 4 
BAS Cao a atm > 41.8 22 54 OOOd ane: 48.4 21 24 
BS OG ses. aes 42.9 224 COAG oe 48.3 23 30 
AOOG shila ere 42.6 24 19 GA o 00058 49.5 22 17 
AQMD. ieucc.sic > 42.2 RD OK CHOW, SoG bac 50.0 22 46 
BOZO teers 42.6 Dey Ti OLOD ase 50.2 22 33 
AOOG Erie e< 42.9 De) OI GTAG aerate 49.4 21 54 
BOSGI A ecns 2 43.9 24.57 OPA Sa5c96 50.0 23 30 
INGTON, es ERC 43.2 23 30 (PME aoa 50.2 24 48 
BQOU nme see © 44.1 24 15 
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TABLE VI 
FREQUENCY OF CoLors AND MAGNITUDES 
Cotor-CLass 
DISTANCE Limits OF ALL 
ene Pv. Mac. .| Cotors 
CENTER b ao-a4 | as-ao i g k ™ 
TE LOSE DS § 0s) oleic < «tails < m etstelliove she 2a1e\| ayo eutel | chee tate Pelee de) fe tedegageval | eee eel te 
Gates PIO Ga cilnGea On||>o0S os 2 I I I 5 
T2NO=T25 hyaline \nMerareee I if ic I I II 
eta) Cel Ges SOalan. ve I Cs es 5 
OLONtONE Ol ans ast letetenmets I I EMRE ORES CRS Sy eons 5 
WOE Sao veallbale aac 2 7 Toma sss eee | Fant emet creme be) 
TA LO—TA 5) iel| ences 4 2 OM Pease ees eas chee | Set cect 8 
DANS =F 57 One |taeen-ts I 3 4 felt oil Packet 9 
SS D5). Ol =| mistress ltememne B: ap Perl ed cto) eoroche 4 
TTS O-T DSi ilvecrees| iver i sees 5 5 3 16 
aes INCH VO gl ORE on clio sack 6 |e I Ty 8 
BPA ri PMN eG Ge a all hc uicec I iS) \lle-dheuels, off eternal vereeeetens 6 
WALI BILOS ES G ga olla suo ac Z TA. Aly othacci [eerste | eee aces 16 
TO, TON2. Ol ha pOmka ti Sire sretennare I 7 D:*- We eWecteuell| lene oheretell tectarsers Io 
Bey GCA lng cio oc 9 II Ae Nes See | Reel erremeen 24 
TA Oa AN Sone nein 6 12 B I Diets, 23 
TANS UG Ores ee eaten I II 23 Ql tee I 38 
Se 5 Oe aba aoe enero I 2 Niel cc hc er eae ig 
TE OSE 1 62a ec y alae eae | eee RN Mees rail See d it 3 
DiS 02), Ore eens Cee 2 Rea creates oy) Taser: 7 
E2O=T2) 5 e)|ttaee ees eee it rad hetero) (cho toc |letetrogie 4 
LP Grad IeCo lal emt d oilole dics 4 Whew Brecees clits oiors nicllowwemroce 8 
ACY (iO) BslOlhy MeO Gin. all6 oe5 wip 0 4 8 Ages | usenet I I 18 
13 .5-14.0. I & (ME apn a ete ols coos olloocthats 13 
14.0-14.5.. 7 9 d HEED Cereal oateo Allo cc ee 19 
DAMS =hoOre I 9 II TOI Pais el eeeeteraea retorts 31 
Bs one | rnin i ae etl [te Gor 2 By AE paral [Probst 5 
DE Orel Sell Rae eee eel eet Satie Cea coke (sso es ee 2t 3 
Li GEL eee Maltese Ag| hy ire Bott Gaaka.a 2 2 Tag lpn: 5 
T2502 025, 5 oo (erences cee Sere A eee Tis | arenes 5 
WRI fete WACohneel is Gere) GA Ing Sidios 3 BSS coche | Meese axe ree 5 
S210 LZ CO= DB ohare nace 2 Oo Us ealalicr aenciere i ile 3 ager 9 
HAY be Omallans ace 3 3 Pet nea allocoues I 9 
TARO aA nc ees eee 3 4 Ls || Poacerel teeeegersl| eos 8 
TAmS = 05nO ii 4 2 Diovn'll swateueveny leeeretcern | eer 9 
ee dA oY PL EHR ee Meh S (et eBa malloc oro Ol lacs koala wea sts ° 
PE OSGI S S| undone sy ere linen 8 5 3 6 ne 
TNs 5120 O har ees eee B 13 3 5 2 25 
12's O--1- 27. G sil eeete rest ieee 3 ae) i 2 I 26 
All of clus-{| 22755 23-O" +|-- 2-2} 2222 ako) Ais | Sele tel | rratcey- 9 | east 34 
Pee Ti Ors Ta teh ttc tre anaes 8 22 Cop Ba east 2 I 42 
I13.5-14.0 I 19 28 7 feod SO HBIaS| ose Oe I 56 
I4.0-14.5 2 20 27 7, I ASS ae 58 
DANS 150 2 15 27 39 Bra caste te I 87 
STG LOee (Fe een eres 3 Sopa leteusuevotey Isenrte isa 14 
All magni- 
CUGeSaees 5 Oe Ninny |l rea 18 13 12 364 


* Color-Index=+2.06. } Color-Index=+2.0r. { Contains one star with color-index of +2.05. 
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TABLE VII 
DISTANCE AND CoLor CLass 
eek Coxor-CLass 
ao Quantity 2 ALL 
ENTER ne eae f ; k - Coors 
No. stars... I 5 8 (1) 2 : I [ ity 
; 1 8 
o/o tools Rr 14.20 | 13.68 | 12.83 | 13.50 | 11.80 | 11.83 eee 
v.C.1....|-+0.10 |+0.30 |+o0.51 |+0.88 +1.46 |+1.63 |+0.59 
No. stars... 7 ao) 15 (4) I I I 
0.5 tot.o |;Av. Pv.mag.| 14.03 | 13.92 | 13.21 ED SOn so 2ano |e nonnG: pee 
Av. C.I....|+0.12 |+0.31 |+0.53 |+0.80 |+1.36 |+1.63 |-+0.45 
No. stars... 6 23 24 (8) 
4 2 62 
1.0 to1.5 |,;Av.Pv.mag.| 14.00 | 13.91 | 13.29 | 12.21 | 12.82 eee 13.41 
Av. C.1....|+0.10 |+0.30 |+0.56 |+o.91 |+1.40 |+1.86 |+0.53 
(No. stars...| 11 20 | 38 (12) 5 ie 
3 2 79 
Tes tO. O beet Cys Naw bsloye || TES Noel! a OX) |i We ey || Ee) | TRO 
Av. C.1....|/+0.11 |+0.30 |+0.55 |+1.04 |+1.48 |+2.03 |+0.53 
No. stars 13} 19 14 (5) re) 2 I 
49 
2.0 to 2.5 (Aas Tihany [eet th SELL) Ise en oc T2508 REEa2On|etonOS 
AVn Coan ot -}-O- 00, }+1-0.27) ||1-O155),\|anra eras +1.43 |--2.01 |-+0.39 
No. stars. . 16t 23 13 (2) ro) I I 54 
225 t0.3.0 [Av Beg TASES 1372s nse sOn memes DIE Oe ices Aaeton 7 e 
Av. C.1....|+o.06 |-++-o.28 |-+0.49 |....... +1.44 |+1.73 |+0.32 
No. stars 78 13 II (5) 2 2 2|| 37 
Bn0 tOse5 i AVebvemap.| 14920 i300 | 122705112925 |)b2.05 5 euretOn nse t 
Av. C.1....|4-0.09 |-+0.29 |--0.57 |-+-0.98 |--1.44 |--2.00 |--0.53 
No. stars 6 5 3 (0) ° I I 16 
Sse si AVE Vemacn eT QrOs alah WO 7a hh sn 2 Onl smesnee T2VOlm ean SOn sss 
Av. C.1....j|+0.14 |--0.28 |--0.46 |....... +1.44 |+1.88 |+0.44 
AG of No. stars 67 118 |126(38)| 14 me) ae 350 
ehactes Ay. Py. mag:|-14.07 | 13°83 | 13.27 |) 1208 | 12720) | 127.045)1913750 
Av. €.1..../+0.10 |+0.29 |+0.54 |+o0.96 |+1.44 |+1.88 |+0.467 


* Color-indices are +2.00 and +2.06. 

+ Contains one star with color-index of —o.16. 

t Contains three stars with color-indices of —o.08, —o.04, and —o.02. 
Contains one star with color-index of —o.10. 

|| Contains one star with color-index of +2.05. 


is no evidence on any of the photographs of the existence of the 
highly concentrated background of faint stars that is typical of 


truly globular clusters. 


In fact, the cluster is apparently a con- 


densation, on a rich background, of 150 or 200 stars whose magni- 


tudes are between 11.0 and 14.5. 


The distribution (number of 


stars per square minute for successive regions) is illustrated in Fig. 1. 
43 
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No conspicuous difference in average color or average magnitude 
is evident between the center of the cluster and the outermost 
region. In this similarity of cluster stars to the non-cluster stars 


Fic. 1.—Distribution of stars in Messier 11. Full line, all stars brighter than 
pv. mag. 15.0; broken line, stars between pv. mag. 14.0 and 15.0. 


Ordinates: Number of stars per square minute 
Abscissae: Distance from center of the cluster 


in the immediate neighborhood, the conditions here are like those 
in Messier 67, the open cluster discussed in the foregoing paper. 
The result supports the hypothesis that open clusters are an 
integral part of the galactic system and in most characteristics 
differ little from their environment. 


b a ij g k m 
I40 


7° 


Fic. 2.—Relative frequency of colors. Full line, Messier 11; broken line, 
Messier 67. Ordinates: Numbers of stars. Abscissae: Color classes 


Curves of relative frequency of colors are shown in Fig. 2. The 
data for Messier 67 are taken from Table VII of Contribution 
No. 117. The distribution of color-classes is seen to be totally 
different in the two open groups. The color-index of maximum 
frequency is about o“6 bluer for the cluster in the star clouds than 
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for the one of higher galactic latitude. Moreover, the small color- 
indices in Messier 11 are not confined to the cluster itself and its 
immediate surroundings, but occur throughout that region of the 
sky. The point will be treated further in the following paper of 
this series, which deals with the colors in several parts of the sur- 
rounding galactic clouds. 


as Fe fs g gs k 
EEO 


13.0 


I4.0 


I5.0 


Fic. 3.—Relation between color and luminosity in Messier 11 


Ordinates: Color classes. Abscissae: Apparent magnitudes 


In the same paper will appear a discussion of the decrease of 
brightness with decreasing color-index—a point wherein Messier 11 
bears a resemblance to the Hercules cluster. For the present the 
average color-index for successive intervals of magnitude is shown 
in Table VIII, and a plot of the results appears in Fig. 3- To 
supplement the lower part of the curve, provisional color-indices of 
a number of faint stars have been determined from Plates 3235 
and 3236. For 34 objects the average photo-visual magnitude is 
15.34, and the average. color-index -F1.03; but because of a 
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selection, uncertain in amount, of some stars peculiarly red and 
others peculiarly blue, the result for this group of fainter stars is 
not of high weight. 

TABLE VIII 


MAGNITUDE AND AVERAGE COLOR 


aang aed Number of Stars} Mean Pv. Mag. Mean C.I. 
ir OsLOnl le Sei. 22 II.260 +1.20 
Ti 5. cOenonOcre 25 11.80 -+o.90 
T22O tO 2 hen 20 Le OP +0. 64 
Pe SatO nbs Oe 34 T2475 +0.44 
Ton COmiaes eee 42 125 +0.39 
Uy WO) LOY, 56 en 75 0727 
TA OnbOmise sear 58 14.23 +o. 26 
TAG RCO} 5 Oe 87 Lil 9s +o.41 

SS ivyela c I4 I5.09 +o.66 
SUMMARY 


1. A catalogue has been made of the photographic and photo- 
visual magnitudes of 458 stars within four minutes of arc of the 
center of the open galactic cluster Messier 11, which is situated in 
one of the densest star clouds in the sky. Although considerable 
difficulty was experienced in obtaining satisfactory series of plates, 
the average probable error of a resulting color-index does not 
exceed a tenth of a magnitude. 

2. It seems probable that the cluster proper is composed of not 
more than 200 stars, nearly all of which are brighter than magni- 
tude 14.5. The diameter of the group appears to be less than five 
minutes of arc. 

3. In absolute values and frequency of color-indices, the stars 
in the cluster are not unlike the stars in its neighborhood; but 
they average half a magnitude bluer than those of the same mag- 
nitude in and near the open cluster Messier 67. The galactic lati- 
tude of the latter is +34°, of the former —3°. 

4. The presence of small color-indices among the faint stars in 
this low galactic region must have a significant bearing on the 
extent of the Milky Way. 


Mount Witson SoLrar OBSERVATORY 
November 1916 
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HIND’S VARIABLE NEBULA N.G.C. 1555 
By FRANCIS G. PEASE 


Hind’s variable nebula N.G.C. 1555? lies close to the irregular 
variable star T Tauri. Since December 1911 seven negatives of 
this object have been made from time to time with the 60-inch 
reflector. The length of the 
exposures, which were on Seed N 
27 plates, has usually been 
about three hours. 

The most prominent feature 
is a fan-shaped bit of nebu- 
losity, whose apex lies 220°, 25”” 
southwest of T Tauri and points 
a little to the west of the vari- E 
able (Fig. 1). Two knots at 
A, each with a streamer run- 
ning to the south, are the 
brightest parts of the nebula. 
The sides of the fan include an 
angle of 70° and are about one 5 
minute of arc in length. The 
nebulosity at B is never strong, 
but on some plates shows dis- 
tinct detail. A curved streamer C lying to the west of JT is also 
relatively faint and at times only portions of it show. A knot 
appears at D and varies in size and intensity. A nebulous wing 
of irregular intensity extends from the variable star about 7” 
to the south. There is evidence of very faint extended nebu- 
losity filling the whole starless region about T Tauri. Such 
details as can be seen on the photographs are roughly sketched in 


: Position for 1860: a=4> 13™ 488, d=+19° 11/2. N.G.C. 1554, which precedes 
No. 1555 by 15% and is 0/2 south, is sometimes referred to as Hind’s variable nebula, 
probably because of the note on p. 225 of the First Index Catalogue. 
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Fic. 1.—T Tauri and Hind’s variable 
nebula. 
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Fig. 2. The luminosity at Z, Ff, G, and H is strongest on plate 
No. 55, although it is also visible in varying degrees on the other 
plates of the series. The regions I and K appear dark on the 
plates. 

Below is a brief description of the appearance of the nebula on 
each plate. The brightness of T Tauri is about the same on all the 
photographs excepting Nos. 180 and 181, upon which it is about 
a magnitude fainter. Although both the star and the nebula 


Me i 
ah 


Mel 704 


Fic. 2.—Faint nebulosity surrounding T Tauri and Hind’s variable nebula 


increased in brightness during the interval separating Plates 181 
and 217, the data now available do not establish a parallelism 
between the fluctuation of the two objects. 


Plate No. 55, t91t, December 25, exposure 3 39". Nebula diffuse in 
outline. 


T strong. 

A knots strong; wings to south medium. 
B and C very faint. 

D medium intensity. 
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Plate No. 180, 1913, January 8, exposure 20™. 
T faint; has wing on south side, no other detail visible. 
Plate No. 181, 1913, February 3, exposure 2" 30". Nebula fan-shaped; 
contrast stronger than No. 55. 
T faint; has strong wing on south side. 
A knots stronger than in No. 55; wings to south medium. 
B very faint. 
C and D missing. 


Plate No. 217, 1913, September 28, exposure 3. Nebula fan-shaped; 
sharp detail and strong contrast; the nebula is appreciably stronger 
in intensity than on No. 181. 
T same as No. 55. 
A knots about same as in No. 181; wings to south medium and 
longer. 
B shows detail; medium intensity. 
C faint. 
D trace. 


Plate No. 226, 1913, October 27, exposure 35 30". Nebula fan-shaped; 
detail softer. 
T strong; shows wing on south side. 
A knots blend with wings; northern half strong. 
B west edge only visible; medium intensity. 
C very faint. 
D faint. 


Plate No. 230, 1913, November 25, exposure 3%. Nebula fan-shaped; 
same as No. 226. 
T strong; wing on south side stronger than in No. 226. 
A weaker than No. 226; point strongest; left wing strong, right 
weak; cross-bar halfway down. 
B details; medium intensity. 
C missing. 
D trace. 
Plate No. 280, 1916, November 27, exposure 3°. Whole region embracing 
A, T, and C filled with diffuse nebulosity. 
T strong. 
A diffuse knot, appreciably weaker than on No. 226. 


Mr. Adams finds that the spectrum of T Tauri is of type Md 
with additional bright lines, and that the parallax is of the order of 
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o”os to o"10. Since the bright lines of the spectrum appear to 
extend beyond the dark lines, they are evidently due to the sur- 
rounding nebulosity. 

In Plate I are shown enlargements of photographs Nos. 181, 
217, and 280. The enlargement and contrast necessary for pur- 
poses of reproduction have emphasized the grain of the photographs, 
but the changes in form and intensity of the nebula are clearly 
visible. 

Mount WILson SOLAR OBSERVATORY 

January 1917 


5° 


No. 181 
1913, Feb. 3 


No. 217 
1913, Sept. 28 


No. 280 
1916, Nov. 27 
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PLATE I 


Hinp’s VARIABLE NEBULA N.G.C. 1555 


Exposures about 3" with the 60-inch reflector 
Enlargement 4.5, Scale 1 mm=6"r 
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THE COLOR-CURVE OF XZ CYGNI 
By MARTHA BETZ SHAPLEY 


The progressive change of spectral type throughout the period 
of light-variation, recently found for Cepheid variables, denotes 
a synchronous and continuous change of color-index. As detailed 
studies of spectral variation will be possible for only the brighter 
stars, the color-curves afford the best means of inferring the changes 
in spectral class of the fainter Cepheids, particularly of those with 
half-day periods. As yet only one or two variables of this type 
have definitive color-curves. A further contribution to the sub- 
ject is made in the present paper, which deals with the photographic 
and photo-visual light-curves of XZ Cygni,' a cluster-type variable 
with unusually rapid change of light. 

Ninety-five multiple-exposure photographs, of which 50 are on 
Seed “27” and 45 on Cramer ‘Instantaneous Iso” plates, were 
obtained by Mr. Seares and Mr. Shapley, and kindly placed at my 
disposal. The plates are described in Tables I and II. An 
asterisk after the number in the first column indicates that in 
addition to the exposures on the field of the variable, the plate 
was also exposed on the field of the North Polar Standards to 
determine the magnitudes of the comparison stars. For such 
plates the number after the comma in the sixth column refers to the 
exposures on the Pole. The magnitude in the fifth column is the 
mean deduced from all the exposures on one plate. The light- 
elements used in computing phases are those of Enebo as corrected 
by Martin and Plummer: 


Maximum= J. D. 2417201. 2542-++07466586-E 


which represent the Mount Wilson observations with sufficient 
accuracy. 


«XZ Cygni=B.D.+56°2257=A.0e. 19376=A.G. Helsingfors 10573. The posi- 
tion for 1900.0 from Hamburger Astronomische Abhandlungen, 1, No. 3, P. 95, 1909, 18: 
R.A.= 1094 30™ 24892, Dec.=56°10'2278. 

2 Monthly Notices, 74, 226, 1914. 
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Because of the great difference in the brightness of the available 
comparison stars, diaphragms, as indicated in the seventh column, 
were employed to make the images comparable with those of the 
variable. The duration of exposure was one minute for the Seed 
“97”? and three minutes for the Isochromatic plates. 


Fic. 1.—Mean photo-visual (broken line) and photographic light-curves of XZ Cygni 


The methods of measurement and reduction were those generally 
employed in photometry with the 60-inch reflector.t The North 
Polar plates yield photographic and photo-visual magnitudes for the 
comparison stars as shown in Table III. For these determinations, 
Plates 1904, 1926, 1939, 2860, and 1911, 1927, 1954, 2861 were not 
used because of the distorted images of polar stars. 

The observations in Tables I and II were combined into normals 
in order of phase, generally four in a group, giving the data of 
Table IV. Plotting the mean magnitudes against phase, we have 
the light-curves represented in Fig. 1. Whatever irregularities 
exist in the shape of the maximum at different epochs and in the 
color-change are necessarily obscured in a mean curve; and the 
period of XZ Cygni is too long to permit a determination of 
the complete color-variation at a single epoch. 


*Seares, Mt. Wilson Conir., No. 80; Astrophysical Journal, 39, 307, IQT4. 
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TABLE I 


PHOTOGRAPHIC OBSERVATIONS OF XZ Cycnt 


i : » Ex- |p; ormal 
eee Date a ey Phase ae ee Diaphragms NuLiae 
1715....|1914 July 19 | 2420333.901| 0f455 | 9.22 5 14,9, 6 13 
by fl nae -915| 0.002 | 9.45 5 32,14,9,6 I 
EVEO wis «ie -932| 0.019 | 9.45 5 14, 9, 6 I 
PFE eae -949] 0.036 9.82 5 325240 2 
1723.30 .964| ©.051 | 10.04 5 32, 14,9 3 
ER QES org -979| 0.066 | 9.90 5 32, 14,9 4 
1727.... 993] 0.080 | 9.93 5 14 4 
PopLen cs Aug. 26 | 2420371.656| 0.417 | 10.23 $ 14,9 II 
FOS Senta .674] 0.435 | 9.49 14,9 12 
RS eg ac .693] 0.454 | 9.14 8 14,9 13 
TSR. We <722|| (0.000 | No. 13 8 14,9 I 
SEQ. .o - -732| 0.026 | 9.30 8 14,9 2 
TS6L ..4% -751| 0.045 | 9.42 8 14,9 3 
T03 -w. .769| 0.063 | 9.97 | 8 14,9 8 
E8052. = - .787| 0.081 | 10.12 8 I4, 9 4 
ESO7 oye .805| 0.099 | 10.29 8 14,9 5 
TSOGi « .825] 0.119 | 10.2 8 14,9 5 
IS7Le .849; 0.143 | 10.36 8 14,9 5 
LO7 3. ce .867| 0.161 | 10.64 8 14,9 5 
Roy eevee .885| 0.179 | 10.83 8 14,9 6 
TORI. cars .906] 0.200 | 10.78 8 14,9 6 
LO Rota: .924| 0.218 | 10.78 8 14,9 6 
EQO4e Sept. 18 | 2420394.799] 0.230 | 10.42 Sy 14, 9 6 
TOQOO. = .- .817| 0.248 | 10.68 8 14,9 7 
TOOSia wh .837| 0.268 | 10.62 8 14,9 7 
EQLOS wt .855| 0.286 |} 10.62 8 14,9 8 
TO207-2. - Sept. 19 | 2420395.844, 0.342 | 10.58 | 2, 2 14,9 9 
POZO nore Sept. 20 | 2420396.737| 0.302 | 10.57 | 8,2 14,9 8 
Od tee: .758| 0.323 | 10.52 8 I4,9 8 
FOSS nei. - .775| 0.340 | 10.63 8 14,9 9 
HO4 5... .793| 0.358 | 10.66 8 14,9 9 
TOA Fac. « .813] 0.378 | 10.69 8 14,9 Io 
O40 eos .836] 0.401 } 10.69 8 14,9 Io 
OST: 1S53|nOr4 tO NetOn 32 8 14,9 ifie 
LO5siee - .871| 0.436 | 9.47 8 14,9 12 
B2OPT sats Sept. 22 | 2420398.758] 0.457 9.12 8 I4,9 13 
2020) real -775| 0.007 Q.12 8 14,9 I 
2O3E i. aay -795| 0.027 | 8.95 8 14,9 2 
2033 rae: .813] 0.045 | 9.70 8 14,9 2 
DOSE cays .832| 0.064 | 9.72 8 14,9 3 
2037 aa: .854| 0.086 | 9.93 8 14,9 4 
2043... Sept. 23 | 2420399.623) 0.388 | 11.07 4 Shy ip! Be) 
ZOAS eps .638}] 0.403 | 10.84 4 32,9 Il 
ROA Tost .652| 0.417 | 10.85 4 B20 It 
2OG Tas .682| 0.447 | 9.89 4 32, 6 19) 
2860*%....|1915 Nov. 30 | 2420832.624] 0.398 | 10.68 | 2, 2 14 Io 
3214*....|1916 July 7 | 2421052.703] 0.248 | 10.52 | 3,2 14,9 7 
BQUGhen.- .708 0.253 nes 32 oe z 
“4 2421053.704] 0.31 : ‘A 
HS, oD Uke Ae les erce To. 72 | 2,2 14 9 
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TABLE II 


PHOTO-VISUAL OBSERVATIONS OF XZ CYGNI 


| 


wilate, | Date | URRMPRY#P4) Phase | wile, | Dooures /P'Pbraems| Number 
1716,...|1914 July 19 | 2420333.900 01463 9.28 3 22, TAs Ou 12 
D7TS. ee -924| O.OIT | 9.30 3 32, 14,9 I 
1720.... .941| 0.028 | 9.32 4 |32,14,9,6| 1 
D72Aves ate -972| 0.059 | 9-52 3 32, 14 3 
1720s .987| 0.074 | 9.62 3 | 40,32,14) 3 
L72Smees 2420334.000| 0.087 9-73 3 32 4 
TOS 2h Aug. 26 | 2420371.665] 0.426 | 9.62 8 OE ai || ait) 
TSCA Mere .682} 0.443 9.32 8 32, 14 Tia 
T8566 21 .703| 0.464 | 9.16 8 32, 14 12 
TS 5 qe .72I| 0.016 | 9.34 8 BP) a! I 
1860.... .742| 0.036 | 9.11 8 32, 14 2 
1862.... ; . 760] 0.054 9.61 8 32, 14 2 
TOOAeeor .778| 0.072 9.50 8 BoneiA. 3 
7866. .... .796| 0.090 | 9.62 8 32,04 4 
1GJOfsho 5 516 .814| 0.108 | 9.68 8 32, 14 4 
TS 7 Omer .834| 0.128 | 9.84 8 Bee 5 
TO 72sec .858] 0.152 | 10.04 8 2204. 5 
TS 7A .876] 0.170 | 9.95 8 22th 5 
TS7 Ommate .894| 0.188 | 9.96 8 32, 14 5 
37 Sateen .915} 0.209 | 9.99 8 Bay, 6 
LOOG aereke Sept. 18 | 2420394.808] 0.239 | 10.05 4 Bay 5A. neo) 
KOO7 mee ,826| 0.257 | 10.08 4 Bea 6 
1909. ... .846] 0.277 | 10.05 4 32) 04 a 
TOIL’... .864| 0.295 | 10.06 | 4, 2 32, 14 ai 
iO Wanencks Sept. 19 | 2420395.857| 0.355 | 10.16 | 2, 2 Bora 9 
TOO IE Sept. 20 | 2420396.745] 0.310 | 10.03 4 220 0A 7 
SBF TE T0702 nl ELOLO 4 B24 8 
44 ae . 783} 0.348 | 10.08 4 BZA 8 
eee tor .826] 0.391 | 10.29 4 32, 14 9 
Ne ee .844| 0.409 | 10.00 4 32,14 Io 
Sas .862] 0.427 9.78 4 32, 14 II 
a Soo ae .879| 0.444 Oe32ul Aye 32, 14 II 
eee pt. 22 | 2420398.767| 0.466 | 9.04 4 22,54 I2 
eee Be .786] 0.018 | 9.22 4 ED, Tin I 
ae sige Ms 0.036 | 9.43 4 32, 14 2 
eas ae OnO5 5h O54 al rd, Bp iit 2 
mona a 0.076 | 9.59 4 32, 14 3 
oe oh eens ; e 4| 0.0906 | 9.67 4 Bop 4 
ne or pt. 23 ee Soe rice: 4 Sy, 1 9 
oe : : 0 2 
2861"... 1915 Nov. 30 | 2420832.628] 0.402 | 10.13 ae : ane a 
See ..{1916 July 7 2421052.699| 0.244 | 10.19 | 2, 2 14 6 
ee : 27 L202 2570 sLOn20 WW I4 7 
323 oo July 8 2421053.701| 0.313 | 10.28 |: 3,4 60, 14 8 
BEBE cont Sypnd| Colac avon" |) 16, @ 14 8 


From Fig. 1 it is apparent at once that the photographic range 

is much in excess of the photo-visual. At maximum the star is of 

about the same brightness in blue and in yellow light, indicating a 

spectrum of perhaps Ao, At minimum the difference in brightness 
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reaches nearly 0.6 mag., and at the corresponding point the spectral 
class is probably F4 or Fs5. Three spectrograms made by Mr. 
Adams show an actual range of Ao to A8; but the length of the 
exposures on his plates (tao to two and one-half hours) tends to 
obscure and lessen the range, though not affecting the type a 


maximum. : 


TABLE III 


MAGNITUDES OF COMPARISON STARS 


Photographic Photo-visual 

Star B.D. Number Magnitude Magnitude 
ESA ee eter woe Rune ore II.43+0.03 | 10.960.02 
Brae toi eR a + 56°2259 | 11.88==0.03 | 10.09+0.07 
Ce eer oar er +56°2261 7.79+0.03 | 6.980.07 
Oba sev cleetenenn trocar ee 12.16+0.01 | 10.64+0.03 


* Position, 1855: R.A.=195 29™ 468, Dec.= +56° 4/5. 
t Position, 1855: R.A.=19b 28™ 558, Dec.= +56° 5/4. 


TABLE IV 
MEAN LicHt-CuRVES 
PHOTOGRAPHIC PHOTO-VISUAL 
No Mean Phase Mean Mag. No. Mean Phase Mean Mag. 

1 a Sia ores 04008 9.29 Duncan of018 9.30 

De eee ave .034 9.44 Ds dare tersne: ores .045 9.42 

Be atesectiese 3 .056 9-79 2B areseavtaseroiave 070 9.56 

0 ey CE aS ee 078 9-97 Aistetaniereiouctee -095 9.68 

Seah etre rege 130 10.38 Gataraie ccreresere 160 9.95 

OR nko 206 I0.70 O ertase cere .237 10.08 

1 Re NERS ene 254 10.60 Repos ere her toes B25) 10.10 

Cig Sea eae 7307 10.61 Beira: -329 10.15 

Ome eae oe -342 10.65 (otc Pak cone . 386 10.20 
NO} Seis os 391 10.78 E Olson tenets .416 9.89 
EX a etroisoee cies 414 10.56 DLs ors ctaars shel -438 9.47 
TD iets caw tise -439 9.62 LD iccopstcetsc haters 0.464 9.16 
Dense vines 0.455 9.16 


The photometric data concerning maximum and minimum 
light and color of XZ Cygni are as follows: 


Pg. Mag Py. Mag. | Ca Color-Class 
Maximum 9.16 9.16 ©.00 ao 
Minimum 10.78 10.20 0.58 f4 
Range: «2... 1.62 1.04 CEI} Mean oeedns 
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The range and shape of the photographic curve are in fair agreement 
with the results of Martin and Plummer.” 


Photographic 
magnitude 


Photo-visual 
magnitude 


Color-index 


Spectral 
type 


Radial 
velocity 


oM6 


10.2 


—60 


Fic. 2.—Five aspects of Cepheid variation 


In conclusion, Fig. 2 is presented as an interesting summary of 
the various periodic changes which Cepheid variables undergo 
from one epoch of maximum light to another: (1) variation in 
photographic light, (2) variation in photo-visual light, (3) variation 


* Monthly Notices, 74, 230, 1914. 


56 


THE COLOR-CURVE OF XZ CYGNI ih 


in color, (4) variation in spectrum,’ (5) variation in radial velocity.” 
Since data relating to (4) and (5) are not available for XZ Cygni, 
the curves from other objects of the Cepheid class have been 
inserted for comparison. , There is a striking similarity in the 
shape and fluctuations of all the curves. It is impossible not to 
conclude that all these phenomena are due to one underlying cause. 


Mount Witson SOLAR OBSERVATORY 
January 1917 


i Mt. Wilson Contr., No. 124; Astrophysical Journal, 44, 273, 1916. 
2 Lick Observatory Bulletins, 7, 143, 1913. 
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ON THE DISTRIBUTION OF STARS IN TWELVE 
GLOBULAR CLUSTERS 


By FRANCIS G. PEASE anp HARLOW SHAPLEY 


All quantitative studies of the distribution in clusters have been 
concerned with the relation of the number of stars to distance 
from the center, and, with the exception of some results for the 
brighter stars recently published by Bailey,' no special attention 
has been paid to direction from center. It has been remarked in 
earlier papers that the conclusions relative to cluster structure, 
which are based on observations of star-density as a function solely 
of apparent distance, are of limited meaning and application. The 
brightest stars of each cluster, which are those mainly involved in 
previous investigations, are not typical in color or luminosity; and, 
in addition, the possibility of serious systematic error in photograph- 
ing the highly concentrated interior is so great that little confidence 
can be placed upon observed distributicn laws, except when they 
are derived from and are supposed to interpret only the outer part 
of the cluster. The difficulties inherent in stellar concentration are 
of much less importance, however, when the relative distribution is 
analyzed on the basis of direction from the center; and this method 
of study, moreover, is capable of bringing to light a property of 
clusters that the usual method has failed to reveal. 

In the following pages are given the results of star-counts on a 
series of cluster photographs made with the 60-inch reflector at 
Mount Wilson. Later, with the accumulation of data bearing on 
the Eberhard effect and on the various relations of magnitudes and 
colors, it may be feasible to inquire more closely into the star-density 
with respect to distance from the center; but for the present it is 
practicable to discuss the results only as far as they are related to 
sphericity of cluster-form. 

1 Harvard Annals, 76, No. 4, 1915. 

59] : 


2 FRANCIS G. PEASE AND HARLOW SHAPLEY 


The stars were originally counted for a rectangular system of 
co-ordinates,’ a reseau on glass being superposed directly upon the 
original negative and the number of stars being tabulated for each 
small square, whichis 3174 onaside. The total area counted on each 
plate is 675 square minutes of arc, comprising 2464 small squares. 
In all cases a second count was made with the plate reversed, and 
frequently several counts were made, particularly at the beginning 
of the work and for those plates which appeared to give discordant 
results. Each count was recorded on cross-section paper, and 

over these records was 

, 15° N drawn a system of rings 
o y and 30° sectors, as illus- 
trated for one quadrant in 

Iv Fig.1. The width of each 
iciators annular region is four of 
q fl III the small divisions, that is, 
approximately two minutes 
of arc; the radius of the 
75° central area varies from 
avian two to six divisions, 
depending on the conden- 
F sation of stars toward the 

; center. Miss Van Deusen 

Fic. 1.—Scheme of rectangular and polar A 
divisions (for the first quadrant) used in count- and Miss Richmond, of 
ing stars in globular clusters. the Computing Division, 

have made the counts for 
the rectangular and polar systems, respectively, and have given 
much service in the statistical discussion of the results. 

The photographs for which the counts have been completed are 
described in Table I. Nos. 64, 65, and 2456P are Seed 27 plates; 
all others are Seed 23. The total number of stars on each plate, 
seventh column, includes the count (or, when burned out, the 
estimate) of stars in the center, and also of those farther from the 
center than the limiting distance used in Tables II and III. This 
total number attempts to include all stars on each plate within 
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* “Annual Report of the Director of the Mount Wilson Solar Observatory,” Vear- 
book of the Carnegie Institution of Washington, 13, 258, 1914. 
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TABLE I 


DESCRIPTION OF PLATES 


CLUSTER * 
LAT Exe. No. or | Tortat No. 

MOO: imate No. Date Troe | Counts | oF ee REMARKS 
SO2RS we)" 183 102 1912 May 13 | 180™ 2 to,too | Sky thick 
5272....| 3 64 Mar. 17 5 2 2,970 

65 Mar.17 | 15 2 6,440 
890 May 11 20 2 5,230 
2450P | 1915 June 7 60 2 8,000f 
6093....| 80 206 1913 July 2 64 2 4,050 | Mirror not 
uniform 
6205.. 13 213 Sept. 1 I 2 820 
220 Oct. 27 I 2 1,090 
212 Sept. 1 3 2 1,700 
13 Ig1rt July 24 6 2 5,810 | High wind 
18* July 25 6 2 7,870 | Troubled by 
clouds 
21x | 19013 ‘Sept. = 6 2 2,160 
218* Oct; 27 6 2 3,140 
14 totr July 24 75 4 7,780 
134* | 1912 June 15 15 3 3,830 | Very badseeing 
19 tgtr July 25 22 4 14,700 
15 July 24 B75 4 18,000 | Sky white 
16 July 24 04 2 25,500 | Sky white 
133. | Iot2 June rs | 300 2 35,000 | Strong wind, 
mirror edge 
distorted 
6218.. I2 100 May 12 90 2 6,060 | Windy 
220 Geren ie Sone oy Sagepee Upilhie G22 69 2 1,540 | Windy 
6254. Io 124 | 1912 June 12 6 2 1,270 
123 June 12 20 2 3,260 
117 June 11 60 3 5,860 | High wind 
114 June 10 | 180 8 12,200 
6341. 2 5 tg1t July 2 | 100 2 6,800 | Seeing poor 
6402....| 14 | 103 Ig12 May 13 |120 2 4,920 
OF7Oeecl 50 3 Igtt July 2 60 2 6,600 | High wind 
00346146 sfsice oes 2 July 1 | 105 2 3,370 
FOTSidcc|” 15 224* | to1z Oct. 27 I 2 1,100 
223 Ocha27; 2 2 1,460 
222 Oct-a27; 6 2 2,340 
2x | 191r Aug. 22 6 2 2,030 | Good seeing 
22* Aug. 22 15 2 3,790 
26 Aug. 25 I5 2 3,320 
BI5t TOs OCE 27; 15 2 3,520 
23 Igtr Aug. 22 B75 2 9,000 
24 Aug. 22 94 2 21,000 
25 Atigee2 2, et 2 29,000 | Plate com- 
pleted on 
August 25, 
IQII 


* Detailed counts are not given in Tables II or III. 
t The area counted on plate 2456P is only 121 square minutes of arc. 
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the limits of the reseau, and it shows that conspicuously different 
totals for a cluster may be obtained from exposures of the same 
length. Apparently the seeing, transparency, quality of plate, 
development, and other factors may so influence the outcome that 
only for the mean of many plates can definite extensions of the 
magnitude-interval be assumed to result from corresponding in- 
creases in the exposure time. 

Table II contains the star-counts for the eight clusters for 
which fairly definite results have been obtained. The clusters are 
in order of right ascension; the plates for each cluster are in order 
of increasing exposure time; the rings for each plate are in order of 
increasing distance from the center, and the sectors are indicated by 
the position-angle of the line that bisects them.t Unless there is a 
footnote to the contrary, the radius of the central area and the 
width of the rings are each four divisions (2‘o9). The tabulated 
quantities are mean numbers for two counts. With the aid of plots 
of the sums of the horizontal and vertical columns in the original 
rectangular system, independent determinations of the position of 
the cluster’s center were made for each count on every plate, thus 
giving an origin for the ring and sector system. That the adopted 
mean center for any cluster may vary slightly from plate to plate 
should be remembered in discussing the distribution for a given 
magnitude interval on the basis of differences. For this purpose, 
however, the combination of results for opposite sectors should 
largely eliminate the error of centering. 

The count of stars in the central region for all but the shortest 
exposures is uncertain, if not completely impossible. Hence, these 
results are tabulated for quadrants only, and in general are omitted 
from the discussion. When the count is incomplete for any sector 
of the outermost ring, no number is given in the table, and the 
mean value in the last column refers only to the sectors for which 
counts are tabulated. 

As it will be some years before a systematic continuation of this 
work can be undertaken, preliminary results are now given in 


tIn a communication to the Proceedings of the National Academy of Sciences, 3, 
96, 1917, the angles of direction are counted in the opposite sense and from another 
origin. 
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PLATE II 


5 


180° 


Four Successive ExposurES ON MESSIER 13 


The position-angle of the major axis is 120°. 
Nos. 13, 14, 15, and 16, described in Table I. 


The photographs reproduced are 


° 
270 
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Table HI for four clusters that later may be studied definitively. 
The future work will also include a further investigation of some of 
the clusters in Table IT, in particular Messier 3 and Messier 56. 

The following tabular material can be discussed to advantage 
with the aid of diagrams. The data for Messier 13 are particularly 
complete and may be closely examined, leaving the results on other 
clusters for a briefer statement. Fig. 2 shows for several plates of 
Messier 13 the plot of the number of stars in successive sectors. 
That the cluster is symmetrically elongated is at once evident. 
The number of stars in two directions at right angles to each other 
differs by about 25 per cent. The plates of less than four minutes’ 
exposure, however, dealing as they do with only one or two thousand 
stars which are peculiar in color and luminosity, do not show 
definitely this elliptical form. Among these brighter stars the 
axis of symmetry is not revealed until the distribution is studied on 
the basis of color-index or variable stars. 

At first thought it may be surprising that in a much-studied 
cluster such a pronounced elliptical distribution could exist and 
escape earlier detection. The reason must be that to the casual 
observer the brightest stars are conspicuous to the point of 
causing prejudice in the estimation of numbers, whereas, to one 
who actually counts the stars, the eighteenth-magnitude objects are 
the equal of those five hundred times more luminous. The irregular 
or sensibly spherical distribution of the giants hides the underlying 
ellipticity. In spite of the preponderance of the large images, how- 
ever, the elongation of Messier 13 can be seen on some of the longer 
exposures, and, to a lesser extent, in the reproductions of the photo- 
graphs in the accompanying plate. 

That the elliptical form of Messier 13 is more or less indepen- 
dent of distance from the center is illustrated in Fig. 3, where, for 
plate 16, the data appear separately for successive regions, the 
ordinates, for the sake of intercomparison, being percentage devia- 
tions from the mean for each ring. Since in Fig. 2 little asymmetry 
is apparent that cannot be attributed to accidental groupings and 
errors of centering, the plots in Fig. 3 and in the following analogous 
diagrams represent the means for opposite sectors. The relation 


t Proceedings of the National Academy of Sciences, 3, 276, 1917. 
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of ellipticity to magnitude-interval is shown by Fig. 4. The 
diagram at the top is based on plate 13, the bottom one on plate 16; 
the values for the second from the top are differences between 


Fic. 2.—The axis of symmetry in Messier 13. Ordinates are numbers of stars. 
Abscissae are position-angles. 


plates 15 and 13, and the remaining curve represents plate 16 minus 

plate 15. These curves agree in showing ellipticity with approxi- 

mately the same major axis for all intervals of magnitude; but their 

differences and irregularities should not be considered too seriously. 
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Reverting to the data in Table IT, attention should be called to 
a few points concerning the other clusters. 

The tabulated counts show distinctly for Messier 53 two maxima 
about 180° apart. At position-angle 16 5°, however, at what should 
be the highest point of one maximum, the numbers are peculiarly 
low in Rings I and II, and the resulting depression in the curve per- 
sists even when opposite — are gop ag? or 60" 120° 90" 60° 
sectors are combined, +i0 
a5.in Figs 5. If as 
suggested in earlier com- 
munications, the axes 
of symmetry in these 
clusters are projections 
of galactic planes, this *!0 
phenomenon, which can 
hardly be attributed to 
accidental irregularity, 
would have a close 
analogue in the great 
cleft extending south 
from Cygnus in our 
Milky Way. -10 

The counts of 
Messier 3 are not very 
satisfactory, and data 49 
from more plates must 
be studied. As the 


results now stand, this ~-!0 
cluster is the only one Fic. 3.—Ellipticity of Messier 13 for different 
y distances from the center. Ordinates are percent- 

for which the departure age deviations. Abscissae are position-angles. 
from apparent sphe- 
ricity appears to be non-symmetrical. A pronounced one-sidedness 
is shown by the results for plate 65; but plate 89, with almost the 
same number of stars, fails to verify the asymmetry, and the longer 
exposure, plate 2456P, is not decisive. 

Messier 12, Messier 10, and Messier 56 are three clusters for 
which little or no deviation from apparent sphericity is shown by 
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the counts in Table II, although the exposures for each have been 

long enough to include many faint stars. This does not mean 

necessarily that these systems are not flattened. It may indicate 

that their equatorial planes are inclined at a high angle to the line 

of sight. A random distribution of Aue planes should make at 
g0° 60° 30° O° 160° 12 


least one-third of them 
250 2 impossible of direct 
AG etitth 
MAG 17 3 to I9 Reet Ty 
\ / 


detection with our 
present methods; but, 

BEV 
ioe 


60° 


as an indirect test, 
the clusters seen more 
or less edgewise should 
show a greater average 
condensation toward 
the center than those 
with high inclinations. 
This is exactly what 
we find in the case of 
each of the three clus- 
ters mentioned above, 
as may be seen from 
the numbers in Table 
II, most conspicuously 
for Messier 56. 

To illustrate these 
points further, the 
small, probably acci- 


Fic. 4.—Ellipticity of Messier 13 for different dental F deviation from 

intervals of magnitude. Ordinates are numbers of * 
stars. Abscissae are position-angles. perfectly circular form 
for Messier 12 is 


shown in Table IV, in contrast to the pronounced ellipticity of 
Messier 13; and the curves in Fig. 6 exhibit the relatively smaller 
central concentration of the former. The ordinates in this diagram, 
obtained from the values in the last column of Table II for plates 100 
and 15, are made comparable by dividing the mean number for suc- 
cessive rings by the mean for RingI.t It is doubtful, however, if the 


*A small correction is made to allow for two squares in the center of plate 15 
that are burned out. 
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relative concentration can generally be used as an index of inclina- 
tion, for uncertainties due to Eberhard effect, to differences in laws 
oi density, and particularly to foreground stars must surely enter to 
some extent. A curve of the distribution for Messier 10 is shown in 
Fig. 5. ; 

90° “ 60° 30° 0° 50° 120° 90° 60° 30° 


1080 

Fic. 5.—Axes of symmetry in globular clusters. Ordinates are numbers of 
stars. Abscissae are position-angles. Erratum: The second curve is for Messier 53 
instead of Messier 56. 

Curves are also given in Fig. 5 for Messier 2 and Messier 15. 
Both show the elongated distribution conspicuously, but for the 
latter the maxima in the unreflected distribution-curve are not 
exactly opposite and are of unequal height. This lack of symmetry 
tends to disappear with increasing exposure and may be only super- 
ficial, though the possibility must not be overlooked that the sup- 
posed galaxy in this system may be along a small circle of low 
latitude. 

In order to bring together all the available evidence bearing 
on the forms of globular clusters, Fig. 7 is reproduced here from a 
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communication to the Proceedings of the National Academy of 
Sciences! The concentration of certain types of variables toward 
the Milky Way is a recognized phenomenon of our galactic system. 
The diagram shows that in w Centauri also the ellipticity is much 
greater for the variables than for the stars in general. This inter- 
esting analogy further supports the hypothesis that the globular 
clusters are flattened systems of stars. 


—8’ —4! ro +4’ +8’ 


Fic. 6.—Comparison of the central concentration for Messier 12 (full line) and 
Messier 13, illustrating (with Table IV) the probably great difference in the inclina- 
tions of their galactic planes. Ordinates are relative numbers of stars. Abscissae 
are distances from the center. 


SUMMARY 


1. The present study of the distribution of stars in globular 
clusters is based upon counts of more than half a million star images 
on a series of plates made at the principal focus of the 60-inch reflec- 
tor at Mount Wilson. 

2. The material is used mainly as a test for the presence in these 
stellar systems of galactic planes, which should reveal themselves 
through an elliptical distribution of the stars. 

3. Of the nine clusters for which fairly definite counts are 
available, five show elliptical form, three appear sensibly circular, 
and one may be peculiar. The three clusters with similar density 

Vol. 3, 276, 1917. 
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in all directions from the center are noticeably less condensed, a 
condition that follows naturally if the poles of their galactic planes 
are assumed to be approximately in the line of sight. 

4. The proportion of clusters with measurable elongation here 
found is about what should be expected on the galactic hypothesis 
if the inclinations are distributed at random. 
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Fic. 7.—Galactic plane in » Centauri; full line, all stars; dotted line, variables. 
Ordinates are deviations from mean. Abscissae are position-angles. 


5. Axes of symmetry in these clusters do not appear until the 
arrangement of several thousand stars is analyzed. The failure 
previously to detect the ellipticity, which in some cases amounts to 
nearly 30 per cent, must be attributed to an influence of the brighter 
stars, which, in general, do not show elliptical distribution. The 
ellipticity appears at all distances from the center, and also for all 
magnitudes, after the giant red stars have been excluded. 
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A STUDY WITH THE ELECTRIC FURNACE OF THE 
ANOMALOUS DISPERSION OF METALLIC VAPORS 


By ARTHUR S. KING 


The phenomenon of anomalous dispersion consists of a sudden 
change in the index of refraction of an absorbing medium for wave- 
lengths in the neighborhood of those which are strongly absorbed. 
It has been observed for various transparent media which show 
selective absorption. Metallic vapors, in many cases, show the 
effect close to their absorption lines when white light is passed 
through the vapor, and by suitable optical arrangements the change 
of refractive index may be shown. The principle of crossed prisms 
used by Kundt is generally employed, a prism of the absorbing 
vapor being formed with its refracting edge at right angles to the 
slit of the analyzing spectroscope. 

The chief problem in such experiments is the production of a 
mass of vapor which will act as a prism. Wood," working with 
sodium, used a cylinder of the vapor inclosed in a horizontal steel 
tube, heated below by a row of flames and cooled above. For the 
study of substances of higher melting-points Puccianti,? Schén,3 
and Geisler,’ used an arrangement of the electric arc giving a non- 
uniform distribution of metallic vapor which acted as a prism. In 
the case of the arc, the possibilities of varying the state of the 
absorbing vapor are limited, and it seemed that an adaptation of 
the electric furnace offered a means of producing vapors of the 
more refractory elements under conditions which would give 
anomalous dispersion and, at the same time, permit a control of the 
temperature and distribution of the vapor by which variations of 
the phenomena could be studied. The use of mixed vapors in the 


t Phil. Mag., (6), 3) 128, 1902; Physical Optics, p. 419. 
2 Memorie della Societa degli Spettroscopisti Italiant, 33, 133, 1904. 
3 Zeitschrift fiir wiss. Photographie, 5, 349, 397; 1907- 
4 Ibid., 7, 89, 1909. 
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furnace is a simple matter, so that for a given set of conditions the 
relative anomalous dispersion shown by the lines of different ele- 
ments can be observed. 

Assuming that the desired non-uniform distribution of vapor is 
available, a beam of white light, limited by a horizontal slit, is 
passed through the vapor and, being focused on the slit of the spec- 
trograph, gives a strip of continuous spectrum in which the absorp- 
tion lines of the vapor appear. The flexure of the continuous 
spectrum in opposite directions on the two sides of an absorption 
line registers the amount of anomalous dispersion produced by the 
vapor for the given line. 

Experimental method.—The resistance tubes used in the electric 
furnace are of Acheson graphite, 30.5 cm long and of 12.5 mm 
bore, and are heated by the passage of the electric current from end 
to end. To adapt tubes for the present investigation, a slot about 
6 mm wide was filed longitudinally between the end portions, which 
are held in contact blocks 20 cm apart. When placed in position, 
with the slot above and fragments of the substance to be examined 
on the bottom of the tube, a cylinder of vapor was obtained upon 
heating, having a strong density-gradient in the vapor between 
the molten mass and the open slot. The water-cooled copper pipe 
passing about 5 cm above the slot, by which the current was led 
to one end of the tube, accentuated the temperature difference. 
The vapor cylinder of varying density was thus equivalent in its 
dispersive effect to a prism with its refracting edge upward. 

Certain features of the arrangement are important in interpret- 
ing the results. The most effective condition for producing strong 
anomalous dispersion of regular type corresponds to a temperature 
high enough to give broad absorption lines for the element studied, 
but not too far above the vaporizing-point, since a high density of 
the vapor in the lower part of the tube is required. If the tempera- 
ture is such that the substance is fully vaporized, the rapid diffusion 
upward destroys the density-gradient, the prismatic action is very 
slight, and wide absorption lines showing little anomalous dispersion 
are obtained. With a mixture of substances requiring different 
temperatures for their vaporization, it is obvious that at a given 
stage one element may form an effective prism, while another has 
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already reached a nearly uniform distribution, the anomalous dis- 
persion being strong for one and weak, or absent, for the other. 
Also, for a given element, some lines may require a low temperature 
for their greatest strength, others a much higher temperature, and 
the same vapor prism will not be effective for both. In fact, a 
stage may be reached such that the conditions near the bottom of 
the tube, where high-temperature lines are produced, become posi- 
tively unfavorable for low-temperature lines, so that the vapor 
absorbing the latter is denser above than below, and an inverted 
prism for lines of this character results. It is thus possible for 
regular and inverted anomalous dispersion to appear simultaneously 
for lines belonging to two different elements and for lines of different 
character belonging to the same element. Again, the same spec- 
trum line can be made to show regular anomalous dispersion at 


Fic. 1.—Arrangement of furnace and optical train 


low temperature and the inverted effect at higher temperature. 
All of these differences were observed in the experiments to be 
described. 

The arrangement of the optical parts and a vertical section of 
the furnace interior are shown in Fig. 1. Light from the positive 
pole of a carbon arc A, operated with 25-30 amperes at 110 volts, 
was focused on a horizontal slit S,. The beam, rendered parallel 
by the lens L,, passed through the vapor in the furnace tube F, 
and the image of S,; was focused sharply on the slit S, of the vertical 
plane-grating spectrograph, the narrow band of white light passing 
across the slit. Use was made of both the 13- and 30-foot arrange- 
ments of the spectrograph, which give dispersions, in the second 
order, of approximately 2.1 and o.89 A per mm respectively. 
Exposures with the 13-foot focus ranged from one-half to one minute. 
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The longer exposures with the 30-foot focus were used chiefly for 
large-scale photographs to test for shifts of lines occurring close to 
strong lines of pronounced anomalous dispersion. 

For the production of well-defined anomalous dispersion it was 
found advantageous to operate the furnace im vacuo. At higher 
pressures the unsteady condition of the gas in the beam of light 
passing through the chamber is likely to impair the sharpness of 
the strip of continuous spectrum whose curvature measures the 
effect. 


RESULTS 


a) Conditions for the production of anomalous dispersion.—When 
white light from the pole of a carbon arc is passed through the 
furnace vapor, the absorption lines obtained are those observed in 
the emission spectrum of the furnace, and their widths in absorp- 
tion are closely proportional to their emission intensities. The 
prominent lines of the absorption spectrum are thus the stronger 
furnace lines, belonging to Classes I and II of the furnace classifi- 
cation, while the faint absorption lines are those of Class III, 
requiring higher temperature. The furnace lines of higher classes 
have negligible absorption effect. 

In discussions of anomalous dispersion the view that a spectrum 
line shows large or small dispersion as an inherent characteristic 
finds frequent expression, much as we say that a line shows large 
or small pressure displacement. The present experiments give no 
exception to the rule that the anomalous dispersion corresponds to 
the absorptive power shown by the line in question, provided a 
proper prismatic distribution is present in the absorbing vapor. This 
relation is very evident when a stretch of spectrum containing a 
number of lines of different intensities is examined, for the interval 
over which the curvature of the continuous spectrum on either side 
of a line is perceptible increases with the line’s strength. The three 
sections of the titanium spectrum in Plate III illustrate this fact and 
show clearly the practicability of the furnace method for the study 
of substances of high melting-point. In the upper strip the emis- 
sion lines of the furnace spectrum, in most cases reversed, appear 
as continuations of the absorption lines. It is in harmony with the 
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Manganese lines Ad 4031-35 

D lines (low vapor-density), showing inversion of effect due to higher temperature 
Opposite effects produced simultaneously for calcium lines K and \ 4227 
Anomalous dispersion for ““cyanogen”’ band with principal head at » 3883 
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proportionality of anomalous dispersion to the strength of the line 
that, throughout this investigation, no case was found for which a 
strong furnace line could not be made to show a correspondingly 
large anomalous dispersion, though for some lines it was necessary 
to determine by trial the proper conditions for an effective vapor 
prism. Of course, it cannot be stated now that this relation is 
quite general, but the furnace results furnish a high probability that 
anomalous dispersion is conditioned only by the presence of a vapor 
prism which strongly absorbs the line in question. 

b) Variability of anomalous dispersion with the condition of the 
absorbing vapor.—We may now discuss examples of the condition 
already noted that, when mixed vapors are used in the furnace tube, 
a state of the vapor producing anomalous dispersion for one con- 
stituent may give a uniform distribution or even invert the prism 
for the second element, thus causing for this vapor either no curva- 
ture of the continuous spectrum or a flexure opposite to that of the 
first element. Instances in which one element showed strong 
anomalous dispersion and in which another, at the same time, gave 
only wide absorption lines occurred constantly during the experi- 
ments. Thus the three strong manganese lines NA 4031, 4033, 4035, 
though often very wide, gave uniformly no anomalous dispersion 
at temperatures of the furnace such that neighboring lines of iron, 
chromium, and titanium showed the effect strongly. At a much 
lower temperature, however, before the other elements were fully 
vaporized, they showed very strong anomalous dispersion. The 
effect is shown in Plate Va. 

Experiments in which calcium and chromium were vaporized 
together gave an interesting contrast in the behavior of d 4227 of 
the first element to that of AX 4255, 4275, 4290 of chromium. In 
Plate IV are reproduced four spectrograms taken at different temn- 
peratures; IVd, at low temperature (with iron-arc comparison), 
shows a very large effect for \ 4227, the chromium lines being 
scarcely visible; IVc and IVb show flexure in the same direction 
for both calcium and chromium, though to very different degrees; 
IVa, at the highest temperature of all, gives the maximum effect 
for the chromium lines, while for \ 4227 the curvature is reversed, 
thus indicating that the prism of calcium vapor has become 
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inverted, so that the vapor producing \ 4227 is denser above than 
below, while the chromium prism remains with the denser region 
below. 

Probably the dispersion of all low-temperature flame lines can 
be inverted in this way by properly chosen temperatures. In addi- 
tion to the inversion of \ 4227, which occurred on many spectro- 
grams, the effect was obtained for the manganese triplet already 
mentioned, for the D lines of sodium, for the aluminium pair 
NA 3944-62, and for the potassium pair Ad 4044-47. The D lines, 
made narrow by a small amount of salt in the tube, and showing 
respectively for low and high temperatures the usual anomalous 
dispersion (below) and the inverted effect (above), are illustrated 
in Plate Vb. 

By close adjustment of conditions numerous relative inversions 
were produced for different elements even of higher melting-points. 
Thus iron and chromium lines were inverted with respect to 
titanium when the three were vaporized together, and lines of 
manganese were inverted with respect to those of iron. 

These effects are fully explained on the assumption that each 
kind of vapor forms an independent absorbing medium which, if 
conditions are such as to give prismatic distribution, shows its own 
anomalous dispersion without regard to what may be shown by 
other vapors in the mixture. By an extension of this principle, 
lines belonging to the same element, but emitted by different cen- 
ters, should show simultaneously, under proper conditions, direct 
and inverted anomalous dispersion; for one set of particles, radiat- 
ing freely at relatively high temperature, would have the denser 
part of their prism below, while the other set, emitting lines of 
lower temperature, would have their prism inverted. To test this 
possibility, the lines must be in the same region of the spectrum and 
radically different in their response to temperature; further, both 
must be radiated by the furnace with sufficient intensity to produce 
good absorption lines. In the calcium spectrum, \ 4227 and H 
and K seemed favorable for a comparison. At temperatures high 
enough to make H and K strong, \ 4227 is uniformly inverted in 
its anomalous dispersion, so that the main problem was to produce 
a distinct effect for H and K. This was done by suspending, a few 
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millimeters above the slot in the tube, on insulated supports, a 
thick rod of graphite, so that when the tube was heated the cold 
rod increased the temperature-gradient in the calcium vapor. 
Later a water-cooled copper tube passing 1 cm above the slot was 
used for the same purpose. A number of spectrograms with these 
arrangements gave anomalous dispersion for all three lines, the 
result for H and K being that of a prism with denser vapor below, 
while \ 4227 showed very large anomalous dispersion in the oppo- 
site direction. The effect for the K line and for \ 4227, enlarged 
from the same negative, is shown in Plate Ve. 

The experiments of Puccianti? have shown that this is not an 
invariable result for these lines, since, with the arc containing cal- 
cium as the absorbing source, he obtained anomalous dispersion in 
the same direction for all three lines, though very different in 
amount. With the conditions adopted for the furnace it has been 
possible to make the particles absorbing the H and K lines act as 
a body of vapor distinct from that absorbing \ 4227. 

c) The anomalous dispersion of iron, chromium, and titanium.— 
The results of observations over an extended range of wave-length 
on the relative amount of anomalous dispersion shown by different 
lines and its relation to other spectral characteristics will now be 
given for iron, chromium, and titanium. For iron and chromium 
a portion of the range here covered has been studied by Geisler’ 
with the interferometer, using the arc to supply the absorbing vapor. 
Of the effect for titanium no previous investigation is known to the 
writer. 

Tables I, II, and III give the lines of iron, chromium, and 
titanium, respectively, for which distinct anomalous dispersion has 
appeared. An estimate of the amount of the effect is given for each 
line, ‘‘r” denoting that the curvature of the continuous spectrum 
on opposite sides of the line is just perceptible. The wave-lengths 
for iron are those of Burns? on the International System, abbreviated 
to two decimal places, while the values of Exner and Haschek are 
used for the chromium and titanium lists. 

t Memorie della Societa degli Spettroscopisti Italiani, 33) 133, 1904. 

2 Zeitschrift fiir wiss. Photographie, 7, 89, 1909. 

3 Lick Observatory Bulletin, No. 247, 1913. 
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TABLE I 
Tron 
nn 
Degree of Degree of Degree of 
A Anomalous A Anomalous a Anomalous 
Dispersion Dispersion Dispersion 
Bipehdavre Wa anh 8 BV OS BOOM mists I BO8G430nGia 6 
BOO5 HAS teteres 5 Qe ovo Ghinidiaicc I BOOS 25 ciactes I 
2008780 i101 610) +16 2 B27 00n5 Sameer I 4OAG S25) cise 3 
BOLLS a 7necre 2 Bei PAV iat cic I 4003460... ... 2 
SORTA Omer 2 BST eR OAs ete 2 GO7Te Sen 2 
BOAT EOS ane 2 BS20nAs mye 6 AIZ27005- =e: I 
3070. 02a a8 3 2924 0A Awe 4 AIASEO 7 eee I 
3087240... seins 2 B25 0oOu dens 5 A202)503)5 nes I 
BIOS S Tatinaels 3 38271 OS ealois 2 42501792 30) t 
RIOT RO 2 taser I BSZAl 2S emesis 3 AZT TOno ret 2 
B7OOs25 ine I 3840.44..... 2 A2ZOA U3 I 
S7LO ROA. « esis 20 2SAT SOS «erate I AZO TO beer 3 
WA asiyad cor 4 B85 0ss jeer 6 43050 77 ee ae 2 
Dolbie ho saade 2 B85O1OLaaare 15 ABT SCOSME EEE rie 
EVER oceat 3 Bel PIA SERA ae I 4353055 eee 4 
BBO at 8 Bebheinbtelen so. 4 4404.75..... 2 
Sa ALA eee 12 2850220 nae 8 AAES eT Sa ee I 
3745.50\ ‘6 3887/2050 dale I TMC oS toy osha 1* 
BAS OO tina 38057 00n aer 3 S200" S 4 reson I 
BT ASs2O etree 6 B300 17 banecr 4 S225 * OAR eee I 
BTAQTAO eee 5 200220 5aeee 2 53 7R. SOun ne. I 
BTSOn23 wanes 4 3000.48... .- 2 B20 7iaUA ae sta. I 
17 Osta Onenete 3 3020"20e see 4 RAS e7 Onn I 
370710 Heme 2 3022.02 yee 5 
Robern lela aris ae iE 3027 ROS mae. 5 
* Subject to inversion of effect at high temperature. 
TABLE II 
CHROMIUM 
Degre 
A peleries A ee Re A oe 
Dispersion Dispersion Dispersion 
BOS Clin csoge 150 4330002 -10er- 4 AGZ0 es Genre. I 
BOG MOAR aE 100 AZ3OR00n nee 2 AOAOE Semi 2 
2005E40 sae 75 AS AAS O See 4 AOS Ts 40a I 
Z8S5N 3 Onis I ABST S22 ea I 4052-30 aon: 2 
ZESOnO 2 eee I ASST OSM ce 5 RZ OAT Tatas 20 
BOOOr Omer eee: 2 AZ5OnOz nates 2 S200 524% sie, 30 
BOTONA Tee ate I AGT DP ASM ern 2 B2OST0Ome Es 40 
SOLOLS2 ee aes 3 ABT 3 WAG ee I GeV GAGA 6 3 2 
3022 eens I AZ OENT Kepetite 2 S204 Ne 5 eee 4 
2020 02 ee I AAOTIROB retale 2 S205 700K 2 
BOAO FEE ee I ASAOM ION acl: 2 52OONSOmees 2 
BOOS Os tae I 4580.20. 042. I 206240 2 
A25AMS Lee I0o AS OU cOlee eee I BZA GOO mae rs 4 
A275 OOM ee 80 4600.90..... I BSA hOns ee 2 
4280.00 a0 70 AOUSU RQetneinas I SATOOR cea 6 
ASST Ts 3 AOUOR2o sania I 
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TABLE III 
TITANIUM 

: Paseci Rie Degree of Degree of 

poeerahe a Anomalous A Anoinalous 

y Dispersion Dispersion 

ORR OT ake 40 4024.70... 4530.25. 
ROA2e Or eee 45 AOCh Ly cee : tesa 88 Ors « : 
S083b00.c0- ee 50 4060.42..... I 4548.93..... 3 
B05AC 7A cana 2 4064.39..... it AGS 2ie7 Onrenetns 3 
B0S0 20). ee 4 AOOST24 aes I ASS hia Osetatee 2 
3060.80)... 7 AO7o.02eeeee I 4502-008 ne I 
8000 TSC. 6 3 ALTO LO Vee eee I AOS OnOg aera S 
3075. SS secs 4 ASS8Ort Oued 3 NOV o yi io ocr 6 
3000200 «os <5 2 A2S7 CO gneve 3 BOS2nIO sere 6 
B7L7 5220. oes 2 4280020 eiderc 3 A200 US One se = I 
3722073. ae cies 2 ASOL2IOe ew: 3 4003, oS a0ne I 
3720..07% 6 cai be) 4205.03 ie 2 ASA TOS Mee 2 
STATO. cess I5 A2OSaSO eri 4 AQOT SOs tee 6 
3753 SOO sci.) 20 42909.40..... I AQOQ U2 Aes 6 
BUS SIT 7. wacus 3 4200, Ol. en I 4999.68..... 5 
B7U7EJOAS cece 4 ASOOn7 3 )ace's 5 5007.53 Sin aaree 4 
ZQ0ESTA cues 2 A206 24 acne 5 5S O0On Oumar if 
3004'.00 4. <k'= 4 4300) 00. 7 OTAGO aera 6 
BOLANSO. -6.se 3 4314.96..... a KOTOR2O seer I 
202. OL... 2 AS20054 weer I BOZO; 2O mane iE 
3024s 7 ET asnioes 6 ONE PSR cira.c I GO28sO2menre I 
3030504 56 scien 5 4449.35..... I SO25 LO Lm aaee I 
BOA TCOS Secs 6 AA GIT eer I SO20FOSaeeEe r 
2048. S7e eee 5 fe) AASS 525s. I SOZOnOS eee I 
BOS0eS5Os., 0s 10 ZUASIS ISS own ac 2 S085 50 ne nie I 
BOS Ses0ne ess 15 BAST Ole eer 2 OAM LAE 5 
ZQOZROS ees 4 A5E2200. ese > 2 5004270... aie 4 
3964.48...... 4 BEL OM On ieete 3 BitiG Olen own I 
ZBOSTAO5 1. sess Io A522) OSerie ee 3 RUG 2h 3 Guess I 
3082035850. 3 AS 27 Afimotens 2 BBO oooce 4 
2050040 o- - > 12 BRA ah AOm ere 8 LOS SL 2 amie 4 
ZO0SnSOM...25 © 15 AS34-O5p ces 6 G2Z1LOWSh Ome er 5 
A000; 125% cs 5 BSG lomas 5 S2TO ROOMS I 
AOC. S2n eee = I ASSO ome 3 5250623 Sener I 
| 


In comparing the material in Tables I, II, and III with the line- 
intensities in the emission spectra of iron,’ chromium,’ and titanium 
at various temperatures of the furnace, the degree of anomalous 
dispersion was found without exception to be roughly proportional 
to the intensity of the line in question at the temperature (about 
2500° C.) to which the vapor was heated in these experiments. All 


t Mt. Wilson Contr., No. 66; Astrophysical Journal, 37, 239, 1913. 

2 Mt. Wilson Contr., No. 94; Astrophysical Journal, 41, 86, 1915. 

3 Mt. Wilson Contr., No. 76; Astrophysical Journal, 39, 139, 1914. 
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lines of iron and chromium included in Tables I and II have been 
placed in Class I or Class II of the furnace classification, being 
strong through a long range of temperatures. The same is true for 
titanium, except that ten lines of Class III, out of the total of 102, 
show perceptible anomalous dispersion. The fact that a line is 
relatively strong at low temperature (Class I) seems to have no 
bearing, except that pronounced lines of this type, such as \ 4376 
of iron, sometimes attain considerable width as absorption lines 
without showing anomalous dispersion, and in some cases reveal 
an incipient inversion of the effect when other iron lines show 
regular anomalous dispersion. It is probably the same effect as 
was observed distinctly for the calcium lines H, K, and d 4227. 

The anomalous dispersion shown by iron lines is much smaller 
than that for lines of chromium and titanium when the three ele- 
ments are mixed in the tube. This is especially noticeable in the 
green and yellow, where the low-temperature iron lines remain 
narrow and show very small effects. The same relation exists, 
however, with regard to the widening and reversal of lines in the 
regular furnace spectra of these elements, and the anomalous dis- 
persion seems to follow closely the ability of a line to reverse. 

At the red end of the spectrum the lines of these three elements 
remain narrow in the furnace, and no anomalous dispersion was 
obtained. The effect clearly becomes stronger and more general 
as the wave-length decreases, but this also probably results from 
the greater absorptive power and the resulting ease of reversal 
shown by the lines of these elements in the region of shorter wave- 
length. When strong low-temperature lines, easily reversible in 
arc and furnace, occur in the region of greater wave-length, they 
readily show anomalous dispersion. Examples are the D lines, 
several barium lines in the red, and d 6708 of lithium. The degree 
of anomalous dispersion thus appears to have no direct dependence 
on the wave-length. 

d) Anomalous dispersion for a banded spectrum.—It is known 
that absorption bands may show anomalous dispersion, such effects 
having been observed by Geisler’ for the bands of copper, calcium, 
strontium, barium, and calcium fluoride. On several plates taken 

* Zeuschrift fiir wiss. Photographie, 7, 89, 1909. 
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in the present experiments a perceptible anomalous dispersion was 
observed for the “cyanogen” band ) 3883, which the experiments 
of Grotrian and Runge’ indicate is due to nitrogen alone. The 
effect could be increased when the furnace was filled with air at 
one-half atmosphere, thus giving a larger supply of nitrogen, the 
appearance under these conditions being shown in Plate Vd. Not 
only the dense heads, but the stronger component lines of the band 
are produced in absorption, with the corresponding parts of the 
emission band showing faintly above and below. The direction of 
curvature of the continuous spectrum, forming parallelograms near 
the head of the band, indicates a greater density in the lower part 
of the absorbing cylinder. This must result from the presence of 
more radiating (and absorbing) particles in the region of highest 
temperature, since, if the band is due to nitrogen alone, the absolute 
density of the gas should be less in this region where the cylinder 
absorbs most strongly. The gradation of intensity in the emission 
lines bears out this conclusion, the portion of the line emitted by 
the lower layer of gas being strongest. 


MEASUREMENTS TO DETECT A MUTUAL DISPLACEMENT OF CLOSE 
LINES DUE TO ANOMALOUS DISPERSION 


The theory advanced by Julius,? according to which lines very 
close together in the spectrum should undergo a mutual repulsion 
when anomalous dispersion is active, has been fully discussed in 
relation to the lines of the solar spectrum by St. John’ and Albrecht,‘ 
and also in a later paper by Julius.s An attempt has been made 
recently by the writer to detect such an effect in the case of electric- 
furnace lines occurring close together. Lines suitable for this test 
should be separated by but a few tenths of an angstrom, and, since 
the theory of the repulsive action is based on a superposition of the 
changes in refractive index due to the two lines, both should show 


t Physikalische Zeitschrift, 15, 545, 1914. 
2 Astrophysical Journal, 40, 1, 1914. 
3 Mt. Wilson Contr., Nos. 93, 123; Astrophysical Journal, 41, 28, 1915; 44 311, 
1916. 
4 Astrophysical Journal, 41, 333, 1915. 
SIbid., 43, 53, 1916. 
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large anomalous dispersion. As this would require two wide lines, 
neither of which could be measured with accuracy, cases were 
looked for in which a narrow absorption line occurred close to a 
line showing large anomalous dispersion, the wave-length of the 
narrow line being measured from a neighboring standard line both 
when anomalous dispersion was active and when it was not. Very 
few pairs which satisfied these requirements could be found, but 
they were fulfilled in a fair degree by titanium and calcium lines 
occurring close to the chromium lines \ 4275 and 4290. The dis- 
persion used was 1 mm=o.89 A. 

Measurements were made on 27 spectrograms which showed 
varying degrees of anomalous dispersion. ‘The measures for plates 
in which the titanium or calcium line was superposed on the curved 
spectrum near the strong chromium line were compared with those 
for which the anomalous dispersion was very slight and also with 
those for the emission lines given by the furnace and in the arc. 
(The test line was known to have the same pressure displacement 
as the standard line, so that measurements for the arc in air showed 
no sensible difference from those for the vacuum furnace.) 

The following example shows the treatment of this material: 

Measurements of \ 4289.237, Ti. (Rowland scale), separated 
0.65 A from ) 4289.885, Cr. Standard line: \ 4287.566, Ti. 


Interval when Anomalous Dispersion Interval for Large 


Is Absent or Negligible Anomalous Dispersion 
1.670 1.667 
1.674 1.667 
1.665 1.671 
1,670 1.671 
1.669 1.670 
1.668 1.668 
Bets Bil 1.670 
Sees 1.668 
Means...1.669 1.669 


Measures of \ 4289 .237 referred to a more distant standard line, 

d 4286.168 of titanium, also gave exactly the same result when 

anomalous dispersion was absent as when present in large degree. 

The interval between \ 4289.237 and \ 4291.114 of titanium 

was also measured, these lines being on opposite sides of the strong 
go 
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chromium line and distant from it 0.65 and 1.23 A, respectively. 
While not very close to the chromium line, they were within the 
curved spectrum due to the latter, and any attraction or repulsion 
exerted on the titanium lines should be additive. The mean meas- 
urements with and without anomalous dispersion differed by only 
o.oo1r A. 

The calcium line \ 4289 .525, distant 0.36 A from )\ 4289 .885 of 
chromium, was measured from a neighboring calcium line. A differ- 
ence with and without anomalous dispersion of 0.002 A was found 
in the direction indicating an approach to the chromium line, though 
the difference is probably too small to be significant. 

The only difference of appreciable size obtained was for 
d 4274.746 of titanium, distant o.21 A from \ 4274.958 of chro- 
mium, the measurements being made from the titanium line 
4272.590. The difference found was 0.006A in the direction 
giving an approach to the chromium line. The measurements were 
very difficult, however, and probably systematically in error, owing 
to the wide chromium line weakening the continuous spectrum on 
that side of the titanium line, which would have resulted in a differ- 
ence of the kind observed. The use of very close pairs, which 
should be most favorable for the test, thus unavoidably introduces 
a source of error. 

It is thus seen that no evidence whatever of repulsion between 
close lines is found, so that the effect required by theory must be 
very small. This conclusion is borne out in a recent deduction by 
Sir Joseph Larmor,’ to whom a summary of the foregoing results 
was submitted, according to which the repulsion to be expected 
should be too small to be detected by the laboratory methods now 
available. As long as the effect is small and the lines tested neces- 
sarily very close, a serious obstacle arises from the fact that an 
effort to magnify the effect through stronger anomalous dispersion 
causes the lines to blend or at least to become unsuitable for 
measurement. 

A further test with these lines was made in the regular furnace 
to see if a displacement could be found when a line occurs very close 
to a strong line known to give a high anomalous-dispersion effect. 

t Astrophysical Journal, 44, 265, 1916. 
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For this it was possible to use a larger scale, a dispersion of 1 mm= 
0.6A being employed. The titanium and calcium lines were 
photographed with and without the mixture of chromium vapor. 
Under these conditions the calcium line and one of those of titanium 
gave differences of 0.002 A, but these were opposite in direction and 
probably within the errors of measurement, while the other titanium 
line, closest of the three to a chromium line, agreed within 0.001 A 
when titanium was used alone and when it was mixed with chro- 
mium. For this test the result may therefore be considered 
negative. 


SUMMARY 


1. A method has been developed for the study of anomalous 
dispersion for metallic vapors of substances of high melting-point 
which allows close control of the conditions of the absorbing vapor. 

2. The lines in the spectra of iron, chromium, and titanium, and 
also lines of special interest in other spectra, have been examined 
with reference to the degree of anomalous dispersion shown. 

3. The rule that the anomalous dispersion shown by a line is 
in proportion to its strength in absorption was found to hold, pro- 
vided the vapor absorbing the line in question has a non-uniform 
distribution equivalent to a prism. 

4. Lines showing strong anomalous dispersion at low tempera- 
ture can often be made, at higher temperature, to show the phe- 
nomenon with refraction in the opposite direction, thus indicating 
that the vapor prism absorbing such lines has been inverted. 

5. Under this condition another element, requiring still higher 
temperature for vaporization, may show anomalous dispersion of 
regular type, so that for the two elements opposite effects occur 
simultaneously. 

6. The same condition may be brought about for lines belonging 
to the same element but requiring very different temperatures for 
their production, \ 4227 of calcium thus showing an effect opposite 
to that simultaneously given by the H and K lines. 

7. The experiments have thus demonstrated the capacity of each 
element to give its own anomalous dispersion independently of 
other vapors which may be present, a similar relation holding for 
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the particles of the same element emitting groups of lines of differ- 
ent character. 

8. The greater prevalence of effects of anomalous dispersion in 
the region of shorter wave-length appears to result from the greater 
absorptive power generally found for lines in this region. When 
lines of suitable character occur in the red, correspondingly large 
effects can be obtained for them. 

g. Distinct anomalous dispersion was obtained for the band at 
d 3883. 

10. Tests for a mutual repulsion between close lines, one of 
which is in a condition to show large anomalous dispersion, give 
no evidence of such an effect. 

11. No change of wave-length is found when a line in the 
regular furnace spectrum occurs very close to a strong line known 
to show large anomalous dispersion. 


Mount WILSON SOLAR OBSERVATORY 
March 1917 
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THE RELATIONSHIP OF STELLAR MOTIONS TO 
ABSOLUTE MAGNITUDE 


By WALTER S. ADAMS anp GUSTAF STROMBERG 


An important product of the radial-velocity observations of 
recent years is the clear evidence that the stars of large proper 
motion are characterized by high velocities in space. The fact that 
large proper motion is to some extent in itself an indication of high 
velocity must of course enter into consideration, but a computation 
of space velocities with the aid of mean parallax determinations 
shows that this cannot account for the results found unless a dis- 
tribution of velocities is assumed quite other than that of the ordi- 
nary law of Maxwell. In a paper published in 1915 Kapteyn and 
Adams" found this result from a discussion of the data for a con- 
siderable number of stars, and suggested two alternative hypotheses: 
(1) that velocity is a function of absolute magnitude; that is, the 
intrinsically faint stars move more rapidly than the bright stars; 
(2) that the nearer stars move more rapidly than the distant stars. 
These conclusions are self-evident, since the stars of large proper 
motion in general have large parallaxes, and hence are relatively 
near and intrinsically faint. On the assumption of absolute mag- 
nitude as the effective agent, a change of about 1.1 km in radial 
velocity was found for each unit of magnitude in the case of the 
K stars. 

The results were based wholly upon parallaxes derived from a 
formula connecting mean parallax with proper motion. The recent 
development of a method for deriving absolute magnitudes directly 
from stellar spectra has added greatly to the material available for 
such an investigation, and we have accordingly taken up the study 
of the question with a view to discriminating between the suggested 
explanations. In addition to those stars for which absolute mag- 
nitudes have been obtained directly, use has been made of a large 

1 Mount Wilson Communications, No. 1; Proceedings of the National Academy of 
Sciences, 1,14, 1915, 
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numberof starswith radial velocities determined at the Lick Observa- 
tory. For most of these the parallaxes have been calculated with the 
aid of a modified formula connecting mean parallax with proper 
motion. The investigation is based upon about 1300 stars of the 
F, G, K, and M types of spectrum. In the successive portions of 
this paper we shall endeavor to indicate, first, the evidence afforded 
by a direct comparison of the arithmetical mean of the radial 
velocities with absolute magnitudes; secondly, the effect upon the 
results of the law of distribution of velocities, of stream-motion, and 
of errors in the parallax determinations; thirdly, the confirmatory 
evidence afforded by the linear components of the space-velocities. 


ARITHMETICAL MEAN OF RADIAL VELOCITIES* 


As the first and simplest step in the research we have compared 
radial velocities directly with absolute magnitudes. For this pur- 
pose the stars have been divided into groups defined by certain 
limits of parallax, and within each group the stars have been 
arranged according to absolute magnitude. The average of the 
radial velocities freed from the sun’s motion is then formed for each 
mean absolute magnitude within these groups of stars. The results 
accordingly show the relationship of radial velocity to absolute 
magnitude among groups of stars located in concentric shells of 
space around the sun. In this way the effect of magnitude is sepa- 
rated from a possible effect of distance from the sun. In order to 
secure the large numbers of stars which are necessary for such 
statistical comparisons, rather wide limits of parallax have been 
chosen. The results for the F and G stars and for the K and M 
stars are given separately in TableI. M is the absolute magnitude,? 
and V’ the radial velocity corrected for the sun’s motion. The 
number of stars is given in the second column. 

A very few stars of quite abnormal velocity have been omitted 
in the case of the F and G types, but with hardly an exception they 
are stars of low absolute magnitude, and their inclusion would 
merely increase the change in V’ with absolute magnitude. 

‘In the following pages the arithmetical mean is designated by a bar above the 
symbol; the geometrical mean, by a bar below. 


? Absolute magnitude is here defined as apparent magnitude reduced to the dis- 
tance corresponding to a parallax of o”1. 
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The increase in the value of the radial velocity with the absolute 
magnitude is shown clearly for essentially all of the groups in 
Table I. It is most marked in the case of the stars of large parallax, 
since these show the largest range in absolute magnitude, and their 
parallaxes are most accurately determined. The smallest paral- 
laxes, on the other hand, are subject to much larger percentage 
errors. The absence of intrinsically faint stars among the groups of 


TABLE I 
7 | Number | | Vv’ | T | Number | | v' 
F anp G Stars 
| km km 
BS eS oe Geley | tay.) LOS On sa eLOnS 
SOc 050/157 sae 4.8 | 16.5 0202440102013 |\n One| LeeLee 
20ns2S5 628) 2.2 AWE 6 33|| Bioeth || TSC! 
GReeme Dea ED SS iho ool, loge || FC 
0.049 t0 0.025 |187..... Bey jh aks at =0.012 eoocoll tock |! 52k) 
De Sens 5.6 | 19.1 UO }5 aoa) Moe. | tessoel 
K anp M Stars 

ZO ere BIN || Zoho 4/ AS 0.6 | 14.8 
= Oy acca (Das |p Oar O10245t0102017 00sec ak || Te 
ie Ook ie iy 7.7| 27.2 TRA, 2.7 | 19.7 
oe ay ane TOLO) |p3022 epee aroulariee 
3 Osiris eee Sealey jh Phnae: 0.016 t0 0.013 |44I..... Ae || 171.8 
0.049 to 0.034 |428..... BA \) By B TOnntes De) | yp 2 
re Goo seed TOM O-5) |) 1633 
Doon 0.3 | 13.0 —ONOL 232 aera Ai eG O 
0.033 £0;0.025 1) 55). 1. teats (fai kaa ce cree eB || TR a/ 

20ers 2eAn e220 


small parallax is, of course, due to the fact that such stars are too 
faint to have been observed for radial velocity with existing instru- 
ments. Interpreted directly, therefore, two general conclusions 
may be drawn from these results: (1) Among stars at the same 
distance from the sun, as defined by these parallax limits, there is 
an increase of radial velocity with decrease in absolute brightness. 
(2) There is little evidence of a variation in radial velocity with 
distance from the sun. 
97 
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If we combine the results for all of the zones according to abso- 
lute magnitude we obtain the values given in Table II. 


TABLE II 
F anp G STArs K anp M Stars 
Number M V’ Number Mu V4 

km km 
0.3 Lia 0.5 "14.6 
18g) 13.6 I.4 16.6 
3.0 14.9 2.5 20.6 
iat 7a TO 26.9 
6.8 BED 10.0 30.0 


A plot of these results in Fig. 1 shows that they are represented 
with sufficient accuracy by two straight lines nearly, if not quite, 
‘parallel to one another. A linear relationship, therefore, is indi- 
cated between absolute magnitude and radial velocity, the change 
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Fic. 1.—Variation of radial velocity with absolute magnitude: points, for F and 
G stars; crosses, for K and M stars. 


in velocity for each unit of magnitude amounting to 1.5 km for 
the spectral types considered. A value of 1.1 km was found for 
the stars of type K by Kapteyn and Adams in the paper to which 
reference has already been made. 
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DERIVATION OF THE PARALLAXES 


The vital importance of accurate parallax determinations for 
such an investigation is obvious. Since spectroscopic parallaxes 
were available for only about 700 of the stars used, it became 
necessary to supplement these values with others derived by aid 
of a mean parallax formula. <A brief description of this formula 
is therefore essential. 

The measurements of van Maanen upon the parallaxes of stars 
of very small proper motion, together with spectroscopic deter- 
minations, have shown that the values for such stars are consider- 
ably larger than would be expected from their proper motions. 
Thus for stars with proper motions less than 07020 annually the 
parallaxes appear to be nearly independent of proper motion and 
dependent only on the magnitude. This is probably due to the fact 
that a list of stars of very small proper motion, but bright enough 
to be contained in a catalogue such as that of Boss, involves the 
selection, not only of distant stars of high intrinsic luminosity, but 
also of those whose velocity components at right angles to the line 
of sight are nearly parallel to the sun’s velocity component in the 
same plane and are of the same order of magnitude. Since the 
intrinsic luminosity of a star cannot be infinitely great, we should 
expect that the selection of apparently bright stars of very small 
proper motion would involve a selection of direction of space-motion 
as well as a selection of distant stars. The values given by Kap- 
teyn’s mean parallax formula’ are, therefore, probably too small for 
stars of very small proper motion. 

An additional consideration is that among the distant stars we 
observe only those of high luminosity. Accordingly, if, as the 
results of this investigation indicate, the highly luminous stars have 
small radial velocities and hence small space-velocities, we should 
expect that the usual mean parallax formula, which is founded on 
the assumption that the velocity- and the luminosity-curves are 
independent of distance, would give too small parallaxes for the 
stars of small proper motion. 

For these reasons we have not made use of Kapteyn’s equation 
in its usual form, but have modified it in such a way as to obtain 


t Publications of the Astronomical Laboratory of Groningen, No. 8. 
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finite parallaxes for zero proper motion by the introduction of an 
additional constant: The form used is 


a=A(u-+c)'e™ or logw=log A+ log (u-+c)+m loge. 


The spectroscopically observed parallaxes were used in the 
derivation of the constants in order to render the results homoge- 
neous. Since the value of 6 was found nearly equal to 1, and it 
proved most difficult to determine 6 and c separately, the more 
simple form 

log r=log A+log (u-+c)+m loge 

was used for stars with proper motions less than 1”, and gave 
results in good agreement with observation. Since proper motion 
is a different measure of parallax in the neighborhood of the sun’s 
apices and apart from them, the constants have been determined 
separately for the stars near and distant from these points. The 
formula has been referred to the magnitude scale of the Harvard 
system. 

The mean errors in log x derived from this equation are depend- 
ent upon the magnitude and proper motion. They are largest 
for the stars of types K and M, but are considerably smaller than 
those given by the formulae of Kapteyn and van Rhijn.t Further 
details of this formula and its use will be given in a future com- 
munication. 


FREQUENCY DISTRIBUTION OF VELOCITIES 


Reference has already been made to the suggestion in the paper 
by Kapteyn and Adams that the distribution of velocities in space 
might be quite other than that given by Maxwell’s law, and that 
this fact might be used to explain the smaller radial velocities of 
the stars of small proper motion. It is evident that, if in any 
selected group of stars there is an excess of large velocities as com- 
pared with that given by Maxwell’s law, we are inclined to assign 
such stars too large parallaxes owing to their large proper motions, 
and consequently to conclude that the mean intrinsic brightness of 
the stars in the group is too low. We might, therefore, arrive at 
false conclusions regarding a relationship between velocity and 


* Mt. Wilson Contr., No. 110; Astrophysical Journal, 43, 36, 1916. 
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either distance or absolute magnitude. It is therefore most desir- 
able that the effect of frequency distribution be eliminated so far 
as possible. The following method was devised by Strémberg for 
computing the parallaxes in a manner independent of the law of 
velocity-distribution. 

The star’s velocity in space is projected upon three axes, one of 
which corresponds to radial velocity, and the other two to the com- 
ponents of proper motion which are denoted by v and r in Kapteyn’s 
notation. The y axis is directed toward the sun’s apex, and the 
T axis is at right angles to the v axis. The three components of 
the star’s velocity in space, corrected for the sun’s motion, are as 
follows: 


V’=V+V, cosd; V,= aan V. sin d; V,= we 


1 ? 


in which V is the star’s radial velocity, Vo the sun’s velocity, d the 
angle between the star and the sun’s apex, K a constant’ equal to 
4.738, and » and 7 the components of the proper motion. If 
we assume that the frequency function F for these three compo- 
nents is the same, without any assumption as to its nature, we have 


F(V’)=F(V,) or F, (log V’) =F; (log V-) or log V’=log V,. 
Denoting mean values by a bar above the symbol, we find 
log r=log K+log 7—log V’. (1) 
If the geometrical means, denoted by a bar below the symbol, are 
then introduced, we have 
log r=log 7; log 7 =log 7; log V'=log V’ 
or, finally, 
T=K—. (2) 


This equation is of the same form as that derived by Campbell for 
the arithmetical means and valid for a small range in the parallaxes. 
Equation (2), however, is correct whatever the variation in 7, 7, or 
V’. In equations (1) and (2) the numerical values of r and V’ are 
to be considered without regard to sign. 


tW. W. Campbell, Stellar Motions, p. 222. 
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A similar computation using the y component gives as a final 


It 
resu ie 


™=(V’—Y, sind)’ (3) 


The two equations (2) and (3) have been used to compute the 
parallaxes for the groups of stars used in Table I. These results 
are shown in Table III, as well as the geometrical means 7 of the 
parallaxes employed. 


TABLE III 


Number 7 | ro | m(r) | m(v) 


F anp G Stars 


TAD Eee eee Soo0s0 0” 082 0”%078 0”086 
OS La re ete ics 0.049-0.034. .O4I .045 .044 
QE AW Si ets Mans LOS3 = mWO25 .028 .023 .O21 
EZ 2dr inca .O24— .OL7 .020 .O17 .0O13 
ELON cherce welt .O16— .013 .O15 .006 . 004 
OSs tpi triekaas ©.012— .o10 .OIL .004 .003 
OF aks eee =0.009 0.007 0.003 0.003 


K anp M Stars 


LOS ces ee Solos50 0% 094 07075 0” 103 
TB Sapna 0.049- .034 .039 .O21 .030 
TORQ nia sete BOSS O25 .028 .O19 .022 
Ti O/2i arene aennterct sO2A=) sOE7, .020 .O10 .OI0 
SOR res ctetacste 0,016— .O13 .O15 .004 . 004, 
O9 ats ccaerents <=0.012 ©.009 0.003 0.004 


This comparison shows a good degree of accordance for the 
groups of large parallax between the values of the parallax actually 
employed and the computed values from the v and + components. 
For the groups of small parallax, however, the values used are 
appreciably larger than the computed ones. A part of this differ- 
ence is due to the selection of stars with motions mainly in the line 
of sight and tangential components parallel and nearly equal to the 
sun’s motion. ‘This is seen from the results of Table IV where the 
radial velocities for the distant stars are considerably larger than 
the linear 7 components. It is probable, however, that the parallax 
values employed are subject to a certain amount of systematic 
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TABLE IV 
© | M | M | ™ | Vv’ | V, | 4(V'+V,) | No. | v' No. 

J F anp G Stars 

km km km km | 
SGRO< | F2cOun|O.0 7041) Lae 7a mons 10.8 4I 15.3 | 42 
>olosold 4:074-9--| 4-47 .082 | 13.4 |] 15.2 14.3 35) LO souls 
=e 5.O—5..Qneesuss o80 | 16.9 | 16.5 TOMy 33 TOROm eos 
= 0,055) 6.92) 5004 | 197 2)|) 16.6 18.0 23 |e2 bez |e 20 
SS eOceieie 2On| eKO4ON|NEO es 7.9 8.6 I9 13.9 | I9 
20-2. Owe esi5k es O30 TA cOMll OO Wout 24 I5.0] 19 
Sees ae de S.0-4- Ones 7 35 |e Osea ats Onleates 70 Ai | asl || ey 
225 Oni 5 O20 |e O4 2012322) 20.0 30.0 26 Pheyxe) ||) 2: 
S1.9 TEOOMNFOZOL ETOnS 7.0 8.8 O7anleLOnon as 
.033-0.025|/, 2.0-2.9 232 0230 (eOr7, 733 8.5 31 14.6 | 31 
320-4) 4-08 19.020) ||| To, 0202 22.6 a8 UG) ||) Li) 
{ So0.9..} 0.24] .020] 6.2 2.9 4.6 43 8.6 | 42 
5O24-O.OF 7) 000-1. ae |p add O20 7.6 8.6 (lot 50 13.6 | 49 
= 2-Omes 37. | 2020) |) fiaselt Ono I4.1 29 TEOnn25 
STE Oa NOM7 SU edOkS 7.6 3.4 55 94 W597? || CR 
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| So.9 Ones || Keka Cpt 3-4 5,6 36 nue || Bs 
.012-0.010{ 2eiisey, || age || slerse | Geto@r|| Zac 7a By) | aerlay || eer 
So.9 ©.21 | .007 Ghats) |). tend.) 5.6 49 TO 7a AS 
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K anp M Stars 
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error, based as they are in the final analysis upon an extremely 
scanty amount of observational material. 


EFFECT OF STREAM-MOTION 


The stream-motion of the stars used in this investigation might 
affect to some extent the means of the radial velocities, although 
with the relatively large groups employed the influence would cer- 
tainly be slight. As a means of reducing the effect, we have com- 
puted the geometrical means of the radial velocities V’ and the 
linear 7 components V,, and have formed the arithmetical means 
of these two values. If stream-motion is to be regarded as affecting 
mainly the direction of the space-velocities, the influence upon the 
mean of the two components should be greatly diminished. 
Table IV contains these results. The linear s component V, is 
calculated from the geometrical mean of the parallaxes of the stars 
in the group by the aid of the formula 


log V;=log K+log T—log 7. 


For purposes of comparison the arithmetical mean V’ is added for 
the different magnitude groups. 

The results of Table IV agree with those of Table I in indicating 
a decided increase in velocity with decreasing absolute brightness 
among the stars of the several zones. This is true for both of the 
components used. There seems to be little evidence of a decrease 
in velocity with distance for a constant absolute magnitude, and 
it appears certain that the effect if present must be relatively slight. 

As a final test of the results, we have used only the stars with 
parallaxes exceeding o’017. For these we have computed the geo- 
metrical means of the radial velocities (excluding a few stars with 
velocities smaller than 0.3 km), and the corresponding rt and v 
parallaxes; also the absolute magnitudes and the linear +r com- 
ponents, using the means of w(r) and r(v). The absolute magni- 
tudes and the r components, therefore, are independent of measured 
parallaxes and of the frequency-distribution of the velocities. A 
single exception is found in the last group of the K and M stars for 
which the observed parallaxes are used. The results are given in 
Table V. 
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The increase of velocity with decrease of absolute brightness is 
shown very clearly in these results. The same result is true for 
the apparent brightness m of Table V. Under this heading are 
given the arithmetical means of the apparent magnitudes of the stars 
included within the groups M. 


TABLE V 
M | No. | a(t) | mv) |3(x(r)+m))| om | M | Ww | Vz | aV'+V,) 
F anp G Stars 
x km km km 
S0.9....| 60 | o%0r2 | oforo | ov%orr | 3.38 |—1.43 | 6.33 | 6.69 6.51 
ELO-EaOacy0,- |) 04 -023 .o18 020 | 4.44 |--0.99 | 9.56 | 10.57 10.06 
BOER O mnie of 7 O -024 .026 -025 4.84 1.83 | 10.86 | 10.59 10.73 
320-38 On ee 52 -004 .073 .084 | 4.77 4539) |21On3 te eit. 04. 10.97 
AD OTRAS O lst. oO2 .060 .050 .060 5.84] 4.71 | 15.97 | 16.01 I5.99 
5.0-5.9.---| 64 1073 -057 .065 6.69 5.74 | 19.54 | 21.97 20.75 
>6.0....|/ 40 | 0.077 | 0.005 0.086 Teae 6.99 | 20.96 | 18.78 19.98 
450 | 0.036 | 0.034 | 0.035 5.18 2.89 |. 1L.80 | 12,28 12.08 
K anp M Stars 
0.9 vii ©.009 | 0.007 Q,006) 3545160) | Os 545 On20 8.92 
T2O—f-9 188 .OI5 .O18 -O17 | 4.44 |-4--0.54 | 11.65 | 10.42 II.04 
220-2-Q5. =|) 00 .022 .026 SO24 e404 sees faletAm 2 alles nial EL oROO 
350-5 .6 39 .035 .060 oye) Salgs |p SOs |) Hooke) | seh -2toy | sev7aCeKe) 
©20=9;95--- 48 .O81 .124 102 Tia38 Vs eyey || WH oOG/ |) Woy 16.07 
5 One 268) 1(O2037)/1(O-.203)i| OntA 7G 4251 OL 5a mi7 oon ls LOnOm 17.25 


RADIAL VELOCITY AND SPECTRAL TYPE 


A comparison of the average radial velocity of the F and G stars 
with that of the K and M stars is complicated by the fact that the 
former show a much greater velocity-dispersion. Two stars with 
velocities of over 300 km belong to the F and G group, and there 
are several others of quite abnormal velocity. These stars have 
been excluded in the absolute-magnitude discussion, and it is for 
this reason that Table II cannot be regarded as giving the direct 
relationship between spectral type and velocity. For these reasons 
it seems probable to us that the use of the geometrical mean, 
which is not abnormally influenced by the inclusion of stars of 
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exceptionally high velocity, is preferable for this purpose. Table 
VI gives the geometrical means of the radial and component veloci- 
ties together with one-half their sum. The parallaxes have been 
corrected for systematic errors. All stars with parallaxes exceeding 
o”o17 have been included. 


TABLE VI 


No. | M | a(t) | n(v) | 7 | M | is | Vv, Jawty 


F anp G STARS 


km km km 

154. S1.9 | o%017 | o%014 | 07016 |+-0.01 8.14 g.0o 8.57 

301 S2.0| 0.046] 0.044 | 0.045 |+4.03 13.89 14.07 13.98 
K anp M Srars 

268. S/T 500) 02083) sO. Oldu seOnOt Au = O.cng I0.31 9.91 IO.1I 

184. 52.0] 0.043 | 0.056 | 0.050 |+4.62 TONE7 14.15 I5.16 


These results indicate that the K and M type stars have a 
velocity of from 1.0 to 1.5 km higher than the F and G stars of the 
same absolute magnitude. 


CONCLUSIONS AND SUMMARY 


1. Radial velocity is a function of absolute magnitude for the 
1300 stars used in this investigation. The increase in velocity is 
about 1.5 km for a decrease in brightness of one magnitude. 

a) This effect cannot be ascribed to distance from the sun, since 
stars at the same distance show the effect strongly. 

b) It cannot be due to the law of frequency-distribution of the 
velocities, since the 7-component velocities calculated under no 
assumption of the nature of the frequency-law show the effect 
equally with the radial velocity. 

c) It cannot be due to the effect of stream-motion. 

2. A modified form of the formula connecting mean parallax 
with proper motion has been derived and applied to the stars under 
investigation. ‘This formula gives mean errors considerably below 
those of the formulae commonly in use. 

3. A method has been devised for calculating the geometrical 
means of the parallaxes of groups of stars, and these values have 
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been compared with those used in the investigation. The agree- 
ment is good for the groups of large parallax; for those of smaller 
parallax the observed values are somewhat too large. 

4. The radial velocity, and the 7-component velocity increase 
with decrease in apparent brightness. 

5. The giant and dwarf division among the K and M stars is 
indicated clearly in the absolute magnitudes (Table V). 

6. The use of the geometrical mean of the velocities and the 
parallaxes possesses some marked advantages for an investigation of 
this character. In the case of velocities it is unnecessary to exclude 
abnormally high values, as was done for the arithmetical mean, but 
only values very near zero. The agreement of the two means in 
indicating the variation of velocity with absolute magnitude is, 
therefore, a valuable check on the results. Further, from the geo- 
metrical mean of the parallaxes, it is possible to compute directly 
the mean absolute magnitude by the formula M=m+5+5 log z, 
whatever the range in m and 7. 

7. The stars of types K and M have mean velocities about 1.0 
or 1.5 km higher than the F and G stars of the same absolute 
magnitude. This conclusion is based upon a discussion of the 
geometrical means of the radial and component velocities. 


Mount Witson SoLrar OBSERVATORY 
April 1917 
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Contributions from the Mount Wilson Solar Observatory, No. 132 
Reprinted from the Astrophysical Journal, Vol. XLVI, pp. 24-55, 1917 


PHOTOGRAPHS OF NEBULAE WITH THE 60-INCH 
REFLECTOR 1911-1916 


By FRANCIS G. PEASE 


The 60-inch reflector with its aperture ratio of F/s5 is well 
adapted for the photography of faint nebulae and all such objects 
as require great light-gathering power together with considerable 
scale in order to show their details. For the program of observa- 
tions, of which some account is given in this paper, the objects 
selected were in general those whose real nature was unknown or 
those which possessed curious or questionable characteristics. 
Many photographs were made under very unfavorable observing 
conditions, and, in consequence, for these little more than the type 
is discernible. At times of good seeing, well-known objects were 
photographed for purposes of measurement. Exposures on several 
of the bright planetaries were made with the 80- and 100-foot focus, 
Cassegrain arrangements, with a corresponding increase in scale. 

The double-slide plate-holder and its manipulation have been 
previously described,t and but few changes in the instrument or in 
its usage have been made since that time. Since the actual photo- 
graphic image is many times the theoretical diameter of the diffrac- 
tion image, small changes of focus are unimportant in their effect 
on the images, and intervals of an hour and more were permitted 
between refocusing. When the image of the guiding star vibrates 
rapidly, it is found advisable to neglect its excursions to and fro 
and to follow only the slow drift of its mean center. Both eyes 
were used alternately for guiding; and on long exposures two guid- 
ing stars were used, and correction was made for variation in size 
‘and rotation of the field produced by refraction and imperfect 
adjustment of the instrument. Changes in character of the guiding 
image during the exposure are responsible for as many plates with 
elongated images as are irregularities in the driving of the telescope. 


i Mt. Wilson Contr., No. 47; Astrophysical Journal, 32, 26, 1910. 
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Many objects are so situated as to place the observer in arduous 
positions for guiding, a difficulty now avoided by using a “‘goose- 
neck”? microscope—a double-prism device which enables the guid- 
ing image to be viewed at a convenient angle. 

All negatives were made on Seed 23 plates unless otherwise 
mentioned. For long exposures and for all those on fields contain- 
ing bright stars the plates were backed. The usual development 
was with rodinal, of concentration 1/64 for 30 minutes at 20° C., 
though in some cases 1/32 for 15 minutes was used. All plates, 
except a few of early date and those otherwise noted, were taken 
with the full aperture of 60 inches, with a central stop of 23 inches 
diameter introduced to cut out the irregularly shaped cell of the 
Newtonian flat. 

The appended list of the nebulae photographed gives (a) the 
approximate position for 1917 (the 1860 position of the N.G.C. 
corrected for precession); (6) the constellation; (c) the numbers 
assigned in various catalogues; (d) the type (El.=elliptical or 
elongated, Spl.=spiral, Plan.=planetary, Irr.=irregular, Spe.= 
spindle); (e) the 60-inch plate number, and (f), if illustrated, the 
number of the reproduction. 

In the text following Table I is given the V.G.C. number of the 
nebula, its position for 1917, its galactic co-ordinates taken from a 
chart prepared by Professor Kapteyn, a list of the plates on which 
the object appears, and a brief description of its principal features. 
Much of the detail is faint and diffuse, unsuitable for comparator 
measures, so that the description is based on measures and estimates 
obtained with a magnifying glass of low power and a photographic 
reseau. giving polar co-ordinates. The orientations have been 
derived from star trails, but as some of the plates are not provided 
with trails the results are approximate. Position angle (p) is 
measured from the north toward the east through 360°. The type 
of spectrum has been added wherever possible, a number of spectro- 
grams, besides those by other observers, having been obtained with 
the focal-plane spectrograph of the 60-inch reflector. 

A left-handed spiral has been defined as one in which an object 
traveling inward along one of the arms moves in a counter-clockwise 
direction. Many spirals which are inclined to the line of sight have 
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a different shading on one side of the major axis from that on the 
other, one side being soft while the other is more knotted and of 
stronger contrast, the latter resembling the effect produced by the 
sun shining through an irregular bank of clouds. All illustrations 
are placed with north (N) at the top and west (W, preceding) at 
the right. . 

All catalogued nebulae showing on any of the photographs here 
discussed have been inserted in the list; but those which appear 
only incidentally are described in the text under the V.G.C. number 
of the object for which the plate was primarily taken (see notes to 
Table I). A number of uncatalogued nebulae and nebulous stars 
are also shown. Mention of such is made in the text description 
of V.G.C. 1186, 2681, 2830, 2841, 4406, 5308, 5383, 6555, and 6703. 

I am indebted to Mr. Ellerman for the preparation of the posi- 
tives for the half-tones. 


N.G.C. 205 Andromeda 


a=0'35™51%, 6=+41°14/2 (1917); A=8O°, B=—22° 
Plate No. 152, 1912, October 9, 230™. Images large 
Illustrated Plate [Xa 

This is the bright nebula lying on the Np side of the great 
nebula of Andromeda 36/4 distant. On a diffuse ellipse 10’X4’, 
p=172°, gradually fading away at the edge, lies centrally a brighter 
patch about 1/51’. Besides the sharp nucleus there is detail in 
the bright central part, and dark patches of irregular shape, similar 
in character to that surrounding the nucleus of the great nebula, 
lie one on the S end and the other on the Nf end. The nebula is 
possibly spiral, but the exposure is not long enough to show detail 
in the outer nebulosity. Huggins" assigns it a continuous spectrum. 


N.G.C. 278 Cassiopeia 


a=0'47™238, 8=+47°6' (1917);  A=92°, B=—16° 
Plate No. 168, 1912, November 8, 240™. Fine plate. 
Illustrated Plate [Xd 
This fine left-handed spiral is seen in plan. Four or five whorls 
emanating from the nucleus make about a half-revolution before 


t Philosophical Transactions, 156, 388, 1866. 
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fading suddenly to a very much less intensity, thus forming a bright 
center irregularly round, 50’’ in diameter. One arm, however, is 
interrupted, but again continues strong and forms a wing to the 
bright patch on the northern side. Along these arms lie many 
bright nebulous knots and condensations. Outside this the arms 
continue faint, and they fade out at 85’ diameter. ‘The nucleus is 
irregular and appears to be a number of knots bunched together, 
each forming the starting-point of an arm. 


N.G.C. 650-651 Persei 


a=1537m48,  8=+51°9' (1917); A=99°, B=—11° 
Plate No. 57, 1912, February 19, 105™. Poor plate 
Plate No. 150, 1912, October 7, 180™. Poor plate 
Plate No. 151, 1912, October 8, 360™. Poor plate 
Plate No. 170, 1912, December 6, 15™. Poor plate 


The shape of this gaseous nebula reminds one of a moth; a 
strong, irregular, elliptical mass with diaphanous extension on 
either side. The body is about 1/6X1’, p=41°, with wings extend- 
ing about 1’ either side. The whole forms the central zone of a 
circle of 3’ diameter, the wing periphery being tangent to the circle. 
On the E side a faint wisp extends beyond this; at the center of the 
circle lies a faint star. The brightest spot in the nebula, forming 
the Sp portion, is N.G.C. 650; N.G.C. 651 is the Nf portion. 
The spectrum of the nebula shows bright lines." 


N.G.C. 895 Cetus 


a=2hr7™29%, 8=—5°54'3 (1917); A=140°, B=—58° 
Plate No. 281, 1916, November 28, 75™. Weak exposure 
This is a right-handed spiral 3/52’, p=120°. Two prominent 
arms emerge from the faint nucleus, one of which, as is often 
the case, is interrupted only to fork out into two branches. This, 
however, may be merely an effect of contrast caused by an over- 
lapping streamer. Quite away from the nucleus the arms are 
apparently strings of knotted nebulosity. N.G.C. 894 blends with 
the spiral. 


* Astrophysical Journal, 33, 59, 191I. 
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N.G.C. 955 Cetus 
a=2>26™20%, 8=—1°28/6 (1917); A=138°, B=—s54° 
Plate No. 229, 1913, November 25, 90™. Images elongated 


This is a spindle nebula, almost certainly spiral, about 80’ 7”, 
p= 20°, with a stellar nucleus W of the center. At one time it was 
thought to be variable, but Dreyer has doubted this. The strong 
part of the nebula forms a rhombus 45” 7”. 


N.G.C. 972 Aries 
a=2'29™20", 8=+28°56'9 (1917);  A=116°, B=—28° 


Plate No. 231, 1913, November 26, 195™. Good plate 
Illustrated Plate [Xe 


This object has the shape of an irregular ellipse of greatly vary- 
ing intensity, about 2’X1‘9, p=152°, almost certainly a left- 
handed spiral. The strong region E of the major axis is somewhat 
elliptical in shape, 40’’X15’’, with its axis parallel to the general 
figure of the nebula. Its detail is knotted and full of contrast, with 
a very strong knot at the N end. W of the major axis, except for 
the knots described below, the nebulosity consists of large softer 
wisps mingled with dark lanes. At 28’ Np the nucleus is a strong 
triple condensation and at 26” Sf the nucleus is a strong knot, both 
lying on the major axis. There are two more condensations beyond 
the N one, both surrounded by a dark ring except for a wisp on the 
rear side as met traveling along the arm from the center and a fine 
strong thread on the front side. 


N.G.C. 1023 Perseus 
a=25gemzo*) §=-+38°42/5 (1917); A=112°, B=—18° 
Plate No. 171, 1915, December 7, 240™. Bad seeing 


A bright nucleus i15’’ in diameter lies on an ellipse go” 45”, 
p=70°. From this extend faint wings in either direction along the 
major axis, forming an ellipse 5’X 1’, p=85°. 

Fath* found for the nebula a spectrum of the solar type, and 
Slipher’s? value of radial velocity is roughly +200 km. 

t [bid., 37, 199, 1913. 

2 Popular Astronomy, 23, 36, 1915. 
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N.G.C. 1068 Cetus 


a= 2h38™26%, §=—o°2r'9 (1917); A=141°, B=—sr° 
Plate No. 49, 1911, December 22, 120". Illustrated Plate [Xd 
Plate No. 53, 1911, December 25, 22™. Illustrated Plate IXc 
Good plates : 

This left-handed spiral is viewed in plan, with three striking 
gradations of intensity centrally superimposed. Surrounding the 
bright central nucleus, elongated in p=4o", is a strong, distinct 
spiral forming an ellipse 40’ 25", p=50°, consisting mainly of 
two arms emanating from the ends of the nucleus, which extend a 
little more than a half-revolution. Distinct nebulous condensa- 
tions lie along these arms. Outside this strong center is a fainter 
annulus 130X110’, p=10°, still holding the spiral form. Two of 
the arms are continuations of the central branches, but there are 
others besides, all softly mottled in appearance. Beyond this lie 
two immense and very faint arms, starting at about p=3o0°, and 
extending to an ellipse 6’X5’, p=60°. These are so faint that 
it is difficult to say more than that they appear mottled. On the 
plate showing this external faint material the entire central spiral 
form is so overexposed that no detail shows. The spectrum? 
obtained with the focal-plane slit gives a value for the radial 
velocity of +765 km, while Slipher’s? value is +1100km. Fath3 
found an absorption spectrum with bright lines. 


N.G.C. 1186 Perseus 


a=3'om4*, 8=+42°30/2 (1917); —A=115°, B=—13° 
Plate No. 244, 1914, November 13, 75". Good plate j 
Plate No. 245, 1914, November 14, 130™. Good plate, grain a little coarse 


This supposedly variable nebula lies 2° north of Algol. It is a 
faint left-handed spiral 2’X0!5, p=120°, with faint stellar nucleus. 
A star several magnitudes brighter than the nucleus lies directly on 
one of the arms at p= 230°, 12’. There isa knot N of the nucleus 
at p=330°, 12’. There are 15 faint nebulae lying within a radius 
OL rae 


* Publications of the Astronomical Society of the Pacific, 27, 34 and 192, 1915. 
* Popular Astronomy, 23, 36, 1915. 
3 Astrophysical Journal, 33, 60, 1911. 
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N.G.C. 1501 Camelopardus 


a=3'59™50°, 8=+60°41'9 (1917); A=112°, B=+7° 

Plate No. 174, 1912, December 10, 60™ 

Plate No. 178, 1913, January 7,120". Illustrated Plate VIa 
Good plates 


This is a fine planetary of regular elliptical shape, 6045”, 
p=120°, with protuberances at each end of the minor axis, making 
the total breadth 53’’.. The nebula is irregularly mottled, bearing 
a resemblance to the convolutions of the brain. Its periphery is in 
general denser than its center, and is twice as dense at the ends of 
the minor axis as at the extremities of the major axis. There is a 
bright central stellar nucleus. The spectrum shows bright lines. 


N.G.C. 1535 Eridanus 


a=4'10"23°, 8=—12°56'9 (1917); A=174°, B=—39° 
Plate No. 163, 1912, November 5, 60™. 100-foot focus 
Plate No. 182, 1913, February 4,85™.  25-foot focus. Illustrated Plate VIbd 


This is a planetary of almost uniform intensity 46” 40”, p= 23°, 
on which lie a strong ring, a strong stellar nucleus, and a faint star. 
The ring is irregularly round, 18” in diameter, elongated in the same 
direction as the disk, quite sharp on the outer edge, but softer on 
the inner edge, with branches running to the nucleus. The star is 
at p=320,,17”. Thespectrum shows bright lines; Keeler’st value 
of the radial velocity is —10.4 km. 


N.G.C. 1579 Perseus 


a=4524™46%, 8=+35°6'0 (1917); A=133°, B=—S& 
Plate No. 227, 1913, October 29, 30, 31, 420". [Illustrated Plate VIIIa 


This is an irregular nebula of the dispersive type; the dark lanes 
call to mind the Trifid nebula, and the outer faint nebulosity, that 
of the Orion nebula. The most prominent bit of nebulosity is a 
broad arrowhead adjoining the principal dark lane on the N and 
pointing due E; it is mottled in appearance and full of detail. 
Directly S of the arrowhead in the dark lane is a very faint star. 


1 W. W. Campbell, Stellar Motions, p. 210. 
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The principal part of the nebula lies within a circle of 5’ diameter, 
while faint patches extend Np to a distance of 10’ from the center. 
There are four stars which form nuclei for patches of nebulosity. 
Their positions with respect to the faint central star are as follows: 


iting 35°12'8 10 mag. (very rough) 
Osha Pie (hats ine ina aes 
Guar 25110.0 II mag. 


B.D.+34°883..... 240 3.0 VO. Siinap- 


N.G.C. 1931 Auriga 


a=sbasmss*, 5=+34°11%0 (1917); A=143°, B=+1° 
Plate No. 277, 1916, October 27, 15™ 
Plate No. 278, 1916, October 28, 60™ 
This group of small stars, one of which is double, is here 
apparently superimposed upon an irregular, patchy, nebulous mass 
contained within a circle 1/5 in diameter. Several loops appear in 
the nebulosity, and there are two prominent dark spots. At 3/7 
S of the nebula lies another star with a nebulous wing to the SW. 
The region is rich in stars, though the nebula lies in one of the 
so-called dark lanes, where the stars are much fewer than in the 
adjacent parts. 


N.G.C. 2022 Orion 


a= 553733", d=+9 2-7 (1917); A=164°, B=—o” 
Plate No. 183, 1913, February 4, 60™. Good plate. Illustrated Plate VIc 


This is a fairly bright planetary with a disk of almost uniform 
intensity, on which lies a ring and nucleus. The nebula is sharply 
outlined, and may best be described as the central zone of a circle 
30” in diameter; equator lies in p=115°, the distance between the 
sides being 27”; the S side is a little convex outward. The ring is 
very much stronger in intensity than the disk. It is elliptical, 
20'"X15'', p=13° (median line), and on the average about 4” wide. 
There is a condensation in the ring at each end of the axis in p= 30°, 
making the axis 23’’ long. There is an interruption in the N side 
of the ring and a wisp running toward the nucleus from the S knot. 
The spectrum shows bright lines. 
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N.G.C. 2366 Camelopardus 
a=720™7', §=+69°11/5 (1917); A=113°, B=+209° 
Plate No. 279, 1916, October 30, 60™. Very weak 
This is the same general character as N.G.C. 4449, composed of 
nebulous knots and soft nebulosity. Very irregular in shape, 3’ 1’, 
p=30°, with the brightest star or knot near the S end; 1’ E of this 
star lies a group irregularly 30” in diameter. 


N.G.C. 2371-2 Gemini 
a=7209™208, §=+209°39/1 (1917);, A=I157°, B=+e2r° 
Plate No. 257, 1916, March 6-7, 221™. Bad seeing. Images large 
Illustrated Plate VId 

This gaseous nebula comprises an irregularly round, patchy 
mass of nebulosity lying within 33” radius of a stellar nucleus; two 
wisps on opposite ends of an axis in p=120°, each 1’ distant from 
the nucleus. The striking parts of the nebula are two strong con- 
densations in the central part, diametrically opposite each other 
on an axis in p=60, each about 15” in size and 15” from the 
nucleus. In the f condensation is a faint star, and on the W edge 
of the p one a hazy nucleus. Faint wisps extend from the central 
mass to points halfway between the nucleus and the outer con- 
densations, the W ones forming a loop, a feature seen also in N.G.C. 
7026. Each of the outer wisps is 10’ 45” and lies perpendicular 
to the line joining them, being slightly convex outward with 
streamers turned inward. 


N.G.C. 2392 Gemini 
a=7524™16", d=+21°5’0 (1917); A=165°, B=+19° 
Plate No. 187, 1913, March 6, 1807. 25-foot focus 
Plate No. 189, 1913, March 7, 10™. 25-foot focus 
Plate No. 190, 1913, March 7, 30™. 25-foot focus 
Plate No. 191, 1913, March 7, 60™. 25-foot focus 
Plate No. 255, 1915, December 8-9, 120™. 80-foot focus 
Illustrated Plate Ie, and If 
Plate No. 258, 1916, April z, 30™. 25-foot focus 


This bright planetary can best be described as the pupil of an 
eye with the surrounding iris. The iris varies only a few seconds 
from a mean outside diameter of 46’ and consists of a uniform 
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annulus with about 20 bright knots non-uniformly distributed along 
its median line. The knots are sharply bounded on the side toward 
the pupil and stringy toward the outside. There are several 
interruptions in the string of knots, notably at p=144°, where 
two lie diametrically opposite. The brighter knots are on the 
S side along p=189°, where four or five of them form an almost 
continuous mass. Opposite these is another continuous set, but 
not so bright. Between the ends of these two series the knots 
stand more apart. W of the “‘pupil,”’ between it and the ring of 
knots, is an elongated condensation lying in a NS position. A 3> 
exposure does not extend the disk any, but 3 threads spring from 
as many knots of the iris on the E side and curve out over the edge 
of the disk a distance of 5”. The pupil is stirrup-shaped, 19X17”, 
with axis p= 5°, and has a strong central nucleus. The N periphery 
is bright; the E has two bright knots, the W two, and the S one 
that reaches almost to the nucleus, and halfway between the 
nucleus and the N side is another; between this latter and the 
N side is a vacant space. The nucleus is listed as B.D. +21° 1609, 
o“1. A focal-plane spectrum shows a continuous band crossed by 
projecting bright lines. Campbell and Moore’ found internal 
motion in the nebula. Both illustrations are from the same nega- 
tive, the one to show central detail, the other the external ring. 


N.G.C. 2403 Camelopardus 


a=7>28™498, 8=+65°46'9 (1917); N=118°, B=+30° 
Plate No. 169, 1912, November 8, 210". Good plate. IIllustrated Plate Xc 


This fine right-handed spiral nebula resembles M 33. The 
bright part is contained within an ellipse roughly 9’X5’, p= 126°. 
Faint knots and arms extend as far as 10’ from the center. It does 
not possess the wealth of detail of M 33, but it has the same sharp 
stellar images, the nebulous stars, the bunching of these into knots, 
and the dark streaks where one can imagine one looks completely 
through the nebula to the sky beyond. While M 33 has two strong 
arms running out from the center, this nebula has but one, which 
starts from the central mass at the Sp side, the opposite side being 


* Publications of the Astronomical Society of the Pacific, 28, 119, 1916. 
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a continuous sheet of nebulosity, not separable into arms. There 
is no distinct central nucleus. 


N.G.C. 2681 Ursa Major 
a=8'47™36*, 8=+81°37'7 (1917); A=134°, B=+4x° 
Plate No. 179, 1913, January 7,190™. Good plate. Illustrated Plate IXf 

This right-handed spiral is seen in plan. There is a strong cen- 
tral nucleus out of which springs at p= 35° a single arm which wraps 
itself concentrically around the nucleus at a mean radius of 20” 
and stops in the NE quadrant. It is possible that this arm is really 
continued inward in the ring of nebulosity which entirely surrounds 
the nucleus at a mean radius of 8’. In the SW quadrant of this 
ring, however, are two strong condensations, which appear as if 
they might be very short arms, and a third fine wisp that starts at 
p=185° and runs into the outer arm. ‘Traces of the W half of a 
ring of 40’’ radius appear with ends forming elongated knots at 
p=25° and 205°, and at a mean radius of 1/25 is an almost con- 
tinuous faint broad ring. A long exposure is necessary to determine 
whether the two outer rings really form part of the spiral arms. 

Five small faint nebulae appear on the plate. 


N.G.C. 2830 Lynx 


a=9'14™44*, 8=+34°6'0 (1917); A=158°, B=+46° 
Plate No. 246, 1914, November 15, 150™ 
Plate No. 247, 1914, November 16, 60™ 

This is a spindle nebula 506", p=106°, with faint stellar 
nucleus. 

The ends of the nebula bend counter-clockwise, giving it a 
resemblance to the integral sign. The traces of detail show that 
it is almost certainly a spiral. 

On this photograph 36’X36’ are 28 nebulous spots or stars, 
6 spindles with nucleus, and 3 without; among them are the fol- 
lowing: 

N.G.C. 2825—A spindle about 404’, p=83°, of about the same intensity as 
N.G.C. 2830. It has a stronger nucleus than N.G.C. 2830 and 
a knot Nf the nucleus. 

N.G.C. 2826—A rhombus about 1’ 6”, =143°, with nucleus and nebulosity 
much stronger than N.G.C. 2830. 
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N.G.C. 2827—Faint nucleus in elongated nebulosity in p=8°. 
N.G.C. 2828—Nebulous star in very faint elongated nebulosity p=45°. 
N.G.C. 2829—Nebulous star. 
N.G.C. 2831—Nebulous star. 
N.G.C. 2832—Strong nucleus surrounded by strong nebulosity that fades 

rapidly to about 14’ diameter, then gradually to 30’ diameter. 

The whole is elongated, p=150°. 
N.G.C. 2834—Nebulous star. 
N.G.C. 2839—Nebulous star. 

N.G.C. 2841 Ursa Major 
a=ghr6™18*, S5=+51°19'7 (1917); A=135°, B=+45° 
Plate No. 58, 1912, February 19, 120". Good plate. Illustrated Plate Xa 
This is a fine left-handed spiral nebula 6/5%X2'2, p=150. The 

strong nucleus lies in an almost uniform glow of nebulosity, but 
the fine sweeping arms are streamers of nebulous knots. This 
nebula shows very nicely the difference in the nebulosity on the 
two sides of the major axis. The W side is softened and permeated 
with a glow, lacking in the E side, which is of marked contrast. 
In a field 36’ 36’, 16 faint nebulae appear. 


N.G.C. 2976 Ursa Major 
a=o'4o™24*, d6=+68°17'0 (1917); A=111°, B=+42° 
Plate No. 175, 1912, December 10, 180™. Good negative 
Illustrated Plate Xd 
This bright elliptical nebula 3/2 1’, p= 142°, is full of condensa- 
tions and dark lanes, with faint extensions 25-30’ at each end. 
The arrangement of some of the patches and dark lanes gives it 
somewhat the appearance of a spiral, but one cannot be certain. 
There is no nucleus, but at the center are three bright stellar knots 
and a fourth elongated knot. There are 11 more of these knots 
scattered about the nebula, together with many that range from 
small nebulous spots to areas barely distinguishable from the 
general nebulosity. 


N.G.C. 3115 Sextans 
a=1081™68, d8=—7°18'9 (1917); A=216>, B=+38° 
Plate No. 56, 1911, December 25, 100™. Good plate. IRlustrated Plate XIa 
This is a bright spindle with an oblate center, which measures 
about 30X25’. The disk lies in p=45°, is about 6” wide, and 
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strong and continuous for about 45” either side of the nucleus; then 
come several interruptions and knots. The whole lies within an 
elliptical halo of nebulosity 3’X1’. Slipher’st value for the radial 
velocity is roughly +400 km. 


N.G.C. 3593 Leo 
a=1rr0™178, §=+13°16!0 (1917); A=2I0°, B=+64° 
Plate No. 185, 1913, March 5, 210™. Good plate. Illustrated Plate XId 

This nebula has more or less of the spiral characteristics, but it 
cannot be said for certain that it is a spiral. On a faint patchy 
elliptical ground of nebulosity 4'5x1’, p=80°, lies centrally a 
bright patch 60X13’... The E 15” of this ellipse is not much 
brighter than the fainter nebulosity; the W end is crossed by two 
straight dark lanes, the one nearest the center running in p=39° 
to 219°, the other in p=178° to 358°, thus forming two isolated 
bright spots. At the E end of the bright central part are two 
stellar condensations. At the E end of the faint nebulosity there 
are a number of dark wisps or tongues curved left-handed. An 
irregular dark lane runs N of the bright center almost the length of 
the major axis. 

N.G.C. 3666 Leo 
a=r1120™8*, §=-+11°47/9 (1917); A=215°, B=+66° 
Plate No. 248, 1915, February 12, 150™. Weak plate 

This is a faint left-handed spiral 3‘5X0!7, p=100°, the central 
part 80’’X 20” being brighter, and having a number of nebulous 
knots scattered through it, the brightest of which is the nucleus. 
At one time it was suspected of variability, but Dreyer’s conclusions 
are opposed to this. 


N.G.C. 3938 Ursa Major 
a=11548™318, d=+44°35‘4 (1917); A=118°, B=+70° 
Plate No. 249, 1915, March 12, 39™. Poor plate 
The photograph is a very weak exposure, but sufficient to show 
a right-handed open spiral 4’ in diameter, having a small bright 
nucleus and resembling M 74 or M 101, with most of the material 
in the well-separated arms. 


t Popular Astronomy, 23, 36, 1915. 
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N.G.C. 4216 Virgo 
a=12"11™408, 8=+13°36'4 (1917); A=243°, B=+73° 
Plate No. 192, 1913, March 7, 90™. Illustrated Plate XIc 
Good plate, but needs longer exposure 
This is a left-handed spiral 6’X1’, p=21°. The nucleus and 
the arm starting from it are bright; there is a condensation 1’ N 
of thenucleus. The # side is soft, while the f side shows the marked 
contrast usual in inclined nebulae. There are many nebulous spots 
scattered over the plate and 10’ p, 2’ N of the nucleus of 4216 lies 
a left-handed nebula about 30’’ diameter. The two following neb- 
ulae also appear on the plate: 
N.G.C. 4206—Faint spiral, 4X30”, p=1°. 
N.G.C. 4222—Faint spindle, 2/510", p=59°. 


N.G.C. 4236 Draco 
a=125r2™488, d=+69°56/0 (1917); A=o05, B=+47° 
Plate No. 201, 1913, May 7, 180™. Poor plate 

This nebulosity lies Sp the variable star SW Draconis. It is an 
irregular cloud of nebulous stars and nebulous haze roughly scat- 
tered about a region 15’X4’, p=160°. The strongest parts are a 
mixed group in the Np corner and a wisp extending from the N 
end a little to the E of southward for about 7’. 


N.G.C. 4406 Virgo 


a=r2harmso*, d=+13°24'3 (1917); A=251, B=+75° 
Plate No. 234, 1914, March 18, 90™ 
The photograph shows a nebulous spot, having a bright nucleus, 
gradually decreasing in brightness until it fades away at a mean 
radius of 35’. It is slightly elongated in p=130°. Besides a 
number of faint nebulae and spots the following nebulae appear: 
N.G.C. 4374—Practically the same type and size as N.G.C. 4406. The nucleus 
is possibly a little larger, but the nebula lies near the edge of the 
plate. 
N.G.C. 4387—Of the same type as N.G.C. 4406, 40X15”. Elongated in 
p=140°. 
N.G.C. 4388—An elliptical nebula 3/530’, p=90°, lying near the S edge of 
the plate. A bright T-shaped knot, base to the N, cuts across 
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the center, with a dark spot on either side. A second bright 
elongated knot lies just W of the base of the T. Probably 
spiral. 

N.G.C. 4402—A faint elongated nebula 3’ X35’, p= 89°, dark elongated central 
space, bright periphery, soft outside and indented inside; prob- 
ably spiral. 

N.G.C. 4407—An elongated nebulous spot lying near the S edge of the plate, 
20 X8", p=I0". 

N.G.C. 4425—A spindle consisting of nucleus 8” diameter in uniform nebu- 
losity about 90” X22’, p=30°. 


N.G.C. 4449 Canes Venatici 


a=r12ha4™11%, §=+44°33%0 (1917); A=06°, B=+72° 
Plate No. 198, 1913, April 7, 300™. Illustrated Plate VIIId 
This is an irregular nebulous mass in which many nebulous stars 
are distributed unevenly. The greater part of the nebula is roughly 
rectangular, about 4/5 2‘5, p=4o°, there being an assemblage of 
some dozen nebulous stars W of the SW corner. On the original 
negative there are 230 nebulous stars or patches, about 40 appearing 
bright and 190 faint, though the gradation is very uniform. Two- 
thirds of them are in the N half. The nebulosity proper is weak 
toward the edge, gradually increases inward, and culminates along 
a central ridge, where it is as strong as the stars themselves. A 
number of dark irregular rifts appear here and there in it. Wolft 
found an absorption spectrum similar to that of the Andromeda 
nebula, with possible bright lines. 


N.G.C. 4567-8 Virgo 
a=12532™208, §=+11°42/9 (1917); A= 264°, B=+73° 

Plate No. 235, 1914, March 19-20, 180™ 

Plate No. 237, 1914, April 24, May 19, 360. Illustrated Plate XId 

The plate shows two fine overlapping spirals; one, N.G.C. 4567, 
seen more nearly in plan than N.G.C. 4568. 

N.G.C. 4567 is a right-handed spiral 2’X1'5, p=75°, having a 
small bright nucleus and two arms consisting chiefly of nebulous 
stars. The nebulosity is weak and irregular in intensity with a 
number of dark lanes, notably one following the concave side of 


t Sitzungsberichte der Heidelberger Akad., August 26, 1912. 
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the p arm. There is evidence of much disturbance in the nebula, 
as the W arm is broken off and forked and the E arm offset. 
N.G.C 4568 is a right-handed spiral 4’X1'5, p=29°, having a 
small nucleus which is fainter than that of N.G.C. 4567. It is hard 
to trace the arms distinctly about the nucleus, as the nebulous knots 
are irregularly placed. At their extremities the arms are much 
broken, especially on the N side, which is crossed with several great 
rifts; there is no question, however, as to the general trend. The 
dark rift at the apparent contact line of the two nebulae may really 
belong to N.G.C. 4568, which apparently lies beyond N.G.C. 4567. 
N.G.C. 4564 appears on the plate as a spindle go” 20”, p= 49°, 
with strong nebulous nucleus, 15” diameter. There are 6 or more 
very small faint nebulous spots or spindle nebulae on the plate. 


N.G.C. 4594 Virgo 
a=12535"40%, §=—11°10' (1917); A=269, B=-+52° 


Plate No. 256, 1916, February 12, 55™ 

Plate No. 259, 1916, April 6, 120™ 

Plate No. 262, 1916, May 3, 132™. Illustrated Plate XIe 

Plate No. 264, 1916, May 26, 90™. Seed 27 bathed Wallace 3 dye. Red screen 


This fine spiral nebula, 7’X1’, p=8g”, is seen almost edge-on, 
the convolutions being so nearly concentric that it is not possible 
to state whether it is right- or left-handed. It is crossed by a dark 
streak which lies at the periphery, being possibly an outer ring of 
cooler material, or perhaps the unilluminated edge of the thin disk 
of nebulous matter surrounding the brilliant nucleus. The streak 
is 9’’ wide except near the ends, where it gradually broadens to 
twice this width. A trace of nebulosity runs almost centrally along 
the dark streak. A strong halo 2’ in diameter surrounds the 
nucleus, and the first ring is much stronger than the surrounding 
ones. A test for possible differences in temperature, by exposures 
made on a Seed 23 plate and on a red-sensitive plate with a screen 
transmitting \ 5650-7600, showed no certain difference. 

An 80-hour exposure with the focal-plane spectrograph, the slit 
parallel to the major axis and across the nucleus, showed that: 
(a) the spectrum is Fs5; (0) the velocity-curve is sensibly linear, 
V=—278x+1180, the radial velocity accordingly being 1180 km 
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and the rotation, at a distance of 2’, 330 km, the W side approaching 
and the E side receding from the observer. 


N.G.C. 4736 Canes Venatici 


a=r12046™59°, 8=+41°34‘3 (1917);  A=85°, B=+76° 
Plate No. 60, 1912, February 20, 225™. Illustrated Plate XIIe 
Plate No. 3093P, 1916, May 8, 5™. Illustrated Plate XIIbd 
Plate No. 3093P, r916, May 8, 1o™. Illustrated Plate XIIa 
Plate No. 3094P, 1916, May 8, 20™. Illustrated Plate XIId 
Plate No. 3094P, 1916, May 8, 4o™. Illustrated Plate XIIc 


This fine right-handed spiral has three regions of very marked 
difference in brightness. From a very bright, sharp stellar nucleus 
spring branches of smooth nebulosity, which after a turn about the 
nucleus break into a series of nebulous knots forming the periphery 
of an ellipse 2’X1‘5, p=126°. Here the intensity suddenly 
diminishes while the arms continue in fine sweeping curves of faint 
smooth nebulosity, devoid of knots save for two or three small 
patches, to such an extent as to fill an ellipse 5’ 4’, p=105°. The 
nebulosity for a distance of 30’’ diameter around the nucleus is 
very strong. Plates 3093-4 P, taken by Mr. Seares, show the cen- 
tral parts well. The nebula has a solar-type spectrum,” with pos- 
sible Wolf-Rayet bands. Its radial velocity? is roughly +200 km. 


N.G.C. 4900 Virgo 
a=12550™28%, §=+2°56'5 (1917); A=280°, B=+66° 
Plate No. 188, 1915, March 5, 210™. Elongated images 


The type of this interesting nebula cannot definitely be stated, 
though the lines are such as are followed by a left-handed spiral. 
It is irregularly round, 1/5 in diameter, patchy in appearance, with 
a number of nebulous stars, a single row around the N rim and a 
double row on the S side. There is a faint central stellar nucleus 
crossed by a bright patch of nebulosity 15’"X6”, p=145°. A star 
much brighter than the nucleus lies on the Sf point of the rim. 


t Astrophysical Journal, 37, 199-200, 1913. 
2 Popular Astronomy, 23, 36, 1915. 
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N.G.C. 5005 Canes Venatic: 
a=13'7™3%, §=+4+37°30/2 (1917); A=64. B=+78 
Plate No. 59, 1912, February 19, 50™ 
This left-handed spiral 3/5X1/3, p=69°, has a stellar nucleus 
surrounded by strong nebulosity which gradually fades toward the 
edge. The N half shows contrast, and the S half is smooth. 


N.G.C. 5308 Ursa Major 
a=13%44™15*, d=+61°23/5 (1917); A=76, B=+55° 
Plate No. 196, 1913, April 4, 180". Good plate 

This is a spindle with oblate center 2’X0!25, p=60°, having 
almost no-detail. On either side of the bright nucleus the major 
axis appears as a bright line, gradually fading toward the rim and 
apparently interrupted at the nucleus on the p side. Several 
nebulous spots appear on the plate. 


N.G.C. 5383 Canes Venatici 


a=13%53™qr*, 8=+42°r4'9 (1917);  A=48°, B=+60° 

Plate No. 195, 1913, April 3, 180™. Imageselongated. Illustrated Plate XIIIb 
Plate No. 199, 1913, May 5, 6, 360™. Good plate. Illustrated Plate XIIIa 

This right-handed spiral resembles a pinwheel lying about a very 
bright multiple nucleus within a circle 2'25 diameter. Some disturb- 
ance has altered the regularity of distribution of the typical form. 
On the f side much of the nebulosity has been swept into a broad 
band running in a SE direction to a row of bright nebulous knots 
lying along the rim at right angles to it; enough nebulosity remains, 
however, to show the spiral form. In the parm there are no traces 
of the spiral form, everything being swept into a broad band running 
in a NW direction from the nucleus for some distance, when it 
suddenly turns counter-clockwise in a bright ridge diametrically 
opposite and similar to that of the Earm. A dark streak runs from 
between the central and S parts of the nucleus and separates the 
p band into two arms; opposite this another dark interrupted 
streak emanating from between the central and the N members of 
the nucleus runs E and S, following the line of the spiral. The 
nucleus consists of 3 almost parallel bright condensations 15’” to 207’ 
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long, elongated in p= 100°, their central lines separated about 6", 
the northernmost slightly /, and the southernmost the central one. 
A dark streak cuts across the three members of the nucleus, running 
almost due NS. . 

S of N.G.C. 5383, 3/25, lies a faint S-shaped left-handed spiral 
about 1’ in diameter. 


N.G.C. 5544-5 Bodtes 


a=14"13™33°, d=+36°57‘3 (1917); A=32°, B=+68° 
Plate No. 127, 1912, June 13, 180™ 
Plate No. 261, 1916, May 1, 2, 3, 4, 5, 360™. Illustrated Plate XIIIc 
Good negatives 


These are two overlapping spirals, the E one in plan, the W one 
very much inclined to the line of sight. 

N.G.C. 5544 is a left-handed spiral 70" 15", p=60°, its f end 
just tangent to the NW point of the nucleus of N.G.C. 5545. The 
nucleus is faint and stellar. The arms are about equal in intensity 
where they start from the nucleus, but that on the E side continues 
bright for a much greater distance, being interrupted, however, at 
several points. 

N.G.C. 5545 consists of a bright stellar nucleus, a nebulous 
ring 28’’ outside diameter, a fainter diametral streak crossing the 
nucleus in p=130°, and another ring about the same intensity as 
the inner one, irregularly round, 45’’ outside diameter, both being 
slightly elongated p=120°. 

In N.G.C. 5545 the nebulosity is entirely soft; in N.G.C. 5544 
several knots and condensations appear. 


N.G.C. 5560 Virgo 
a=14"15™54%, 5=+4°22'3 (1917); A= 318°, B=+s7° 
Plate No. 250, 1915, April 11, 2007 

This right-handed spiral is very much inclined to the line of 
sight. It has a weak nucleus, several knots in nebulosity near the 
nucleus, and two arms that make a half-revolution, then sweep 
outward very rapidly and fade away. It is 3'X0‘3, p=105°. 

N.G.C. 5566 is a right-handed spiral, with a bright nucleus, 
18’ X8", p=30°. Surrounding the nucleus is faint nebulosity from 
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which the arms emerge. More exposure is needed to bring out 
the arms well, but they sweep outward so as practically to fill an 
ellipse 6’X1/5, p=32°. An elliptical ring of nebulosity 90" 45", 
p= 20°, gives the appearance of overlapping arms. 

N.G.C. 5569 is a faint right-handed spiral in plan. 


N.G.C. 5746 Virgo 
a=14'40"43", d5=+2°18/3 (1917); A=323°, B=+52° 
Plate No. 236, 1914, March 20, 21, 22, 360™. Good plate 
Illustrated Plate XIIId 

This fine right-handed spiral is seen almost edge-on, having the 
characteristic oblate center surrounding the bright nucleus. It is 
crossed by a dark streak parallel to the major axis; nebulosity full 
of contrast occurs on the W side, the E side being smooth. The 
spiral form measures 7/50/75, p=170°, and the oblate halo pro- 
jects to a semi-minor axis of 307’. 

N.G.C. 5740 lies near the S edge of the plate. It is a left- 
handed spiral 3’X1/25, p=160°, with bright nucleus, and arms 
gradually weakening toward the edge. An asteroid trail appears 
(March 20) p= 234°, 19’, Sp the nucleus, the trail lying in p=158°. 
Through the kindness of Dr. Leuschner, Miss Levy identified this 
as (304) Olga. 


N.G.C. 5866 Bodtes 
a=154™125, d=+56°s/o (1917); A=58,, B=-+52° 
Plate No. 129, 1912, June 14, 165™. Illustrated Plate XIIIe 

This nebula is lenticular, 2/50/75, p=126°, with no apparent 
nucleus, but with a bright center gradually decreasing in intensity 
toward the edge. Lying across the center and making an angle of 
3° with the major axis is a narrow dark streak, p= 123°, about 1’ 
long. Overlapping this at either end, and extending along the 
major axis to a distance of 45’’ in either direction from the center, 
lies a streak as bright as the central nebulosity, which gradually 
fades out toward the end. Slipher’s' value for the radial velocity 
is +600 km. 


* Popular Astronomy, 23, 36, 1915. 
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N.G.C. 5907 Draco 
a=15"13™44", S5=+56°38' (1917); A=57°, B=+571° 
Plate No. 197, 1913, April 4, 90™. Weak plate 


This nebula is a spiral seen edge-on, similar to N.G.C. 5746 in 
having a longitudinal absorption streak lying just to one side of the 
nucleus. It measures 11’X0/7, p=156°. 


N.G.C. 6070 Serpens 
a=16'5™45*, 8=+0°55'7 (1917); A=340°, B=+35° 


Plate No. 265, 1916, May 26, 75™ 
Plate No. 267, 1916, May 27, r50™. Illustrated Plate XIVa 


This is a right-handed spiral 3’X1!3, p=s59°. Several arms 
dotted with nebulous stars make a full turn or more; those ending 
on the f side are well defined, those on the S# side diffused and free 
of knots. Directly f the nucleus two arms of the same curvature 
appear to overlap. ‘There isa small stellar nucleus in an elongated 
nebulous knot. In a line a little to E of N of the nucleus the 
arms are much reduced in intensity. 


N.G.C. 6210 Hercules 
a=1624r™1®, d8=-+23°57/2 (10917); Nema, (astoc5 
Plate No. 139, 1912, July 13, 60™. 100-foot focus 


This is the well-known bright planetary nebula, Struve No. 5. 
The negative is overexposed, but one can see a bright central 
nucleus, bright nebulous streaks, fainter short curves bowed out- 
ward, some of them fading before returning, and several faint 
extensions, all of which give the nebula an angular appearance. 
The focal-plane slit spectrum is continuous for the star and crossed 
by bright lines projecting on either side. Keeler’s* value of the 
radial velocity is —34.3 km and Campbell and Moore’ have found 


internal motion. 


tW. W. Campbell, Stellar Motions, p. 210. 


2 Publications of the Astronomical Society of the Pacific, 28, 120, 1916. 
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N.G.C. 6217 Ursa Minor 
a=16%36™32*, 8=+78°22' (1917); A=79°, B=+33" 
Plate No. 200, 1913, May 6, 60". Weak plate 
This right-handed spiral has a stellar nucleus. Nebulosity is 
noticeably absent near nucleus. There are nebulous knots along 
the arms. It measures 1/5X1’, p=160°. 


N.G.C. 6309 Ophiuchus 


a=17'9™24*, S=—12°48'9 (1917); A=337°, B=+13° 
Plate No. 252, 1915, May 10, g90™. [Illustrated Plate VIIa 
Plate No. 263, 1916, May 5, 10™ 
The plate shows a nebulous spot with a well-defined arrowhead 
at the S end, a blunt arrowhead at the N end, both pointing out- 
ward, the two connected by faint nebulosity. A faint stellar 
nucleus lies at the base of the N head a little N of the center of the 
nebula. It measures 22X12", p=162°. Keeler’s' value of the 
radial velocity is —51.5 km. 


N.G.C. 6412 Draco 
a=17932™4", 3=--75°0:6 (1917); A=74 > P= +ar 
Plate No. 128, 1912, June 13, 80™. Weak plate 
This is a faint left-handed spiral 90’ 70’’, p= 160°, having a 
faint stellar nucleus, with respect to which there is a knot of about 
the same brightness, p= 350°, 36”. 


N.G.C. 6478 Draco 
a=17>32™48, §=+51°11/6 (1917); A=46°, B=+20° 
Plate No. 135, 1912, July 11, 270™ 

This is a right-handed spiral, 90’ 30”, p= 32°, having a stellar 
nucleus. A stara little brighter than the nucleus lies at p= 10°, 14”. 
It is surrounded by a dark space 5’” to 6’” in diameter, the arms 
being cut off sharply. Does the star have an absorbing atmos- 
phere? The detail is stronger in contrast on the p side. There are 
over a dozen very small and faint nebulae on this plate. 


*W. W. Campbell, Stellar Motions, p. 210. 
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N.G.C. 6543 Draco 


a=17"58™35°, S5=+66°38'3 (1917); A=63°, B=+o° 


Plate No. 9, 1911, July 23, 10™. 25-foot focus 
Plate No. 10, 191, July 23, 20™. —25-foot focus 
Plate No. 11, 1911, July 23, 6™. 25-foot focus 
Plate No. 20, 1911, July 25,90%.  25-foot focus 
Plate No. 34, 1911, October 18, 50™. 100-foot focus 


Illustrated Plate VIId 
Plate No. 238, 1914, May 17, 90™.  80-foot focus 


This is the well-known planetary nebula in Draco. The long 
exposures show a sharply outlined ellipse 24’ 18’, p= 40°, without 
detail, beyond which project ansae 2’ to 3’’ on an axis in p= 20°. 
On the shorter exposures the brighter nebulosity has the appearance 
of a curved thread which crosses itself several times, the ansae 
forming the ends. Its continuity is more or less disturbed in 
several places. Overlapping points are of greater brightness. At 
two points the thread approaches the bright stellar nucleus, giving 
almost the appearance of arms starting therefrom, but in neither 
case do they connect directly with the nucleus. The focal-plane 
slit spectrum appears as a continuous band corresponding to the 
nucleus, crossed by bright lines which project on either side. 
Keeler’s' value for the radial velocity is —64.7 km, and Campbell 
and Moore? have found internal motion. 


N.G.C. 6555 Hercules 


a=1883™288, 8=+17°35'3 (1917);  A=12°, B=+10° 
Plate No. 268, 1916, May 28-29, 360™. Illustrated Plate XIVb 


This left-handed spiral 1/51’, p=111°, is ina rich field of stars. 
There is a star which might be taken for the nucleus, but the real 
nucleus is a slightly elongated knot a few seconds N. The brightest 
part of the nebula is a double knot at p= 240°, 13”, with respect to 
star. A number of small faint nebulae appear on the plate. 


t [bid. 
2 Lick Observatory Bulletin, No. 278, 1916. 
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N.G.C. 6703 Lyra 
a=18'44™53°, 8=+45°27'5 (1917); A= 42°, B=+18° 
Plate No. 269, 1916, July 1, 60™ 
Plate No. 270, 1916, July 1, 180™ 

A long exposure is necessary to show whether this is a ring 
nebula of a type very different from that usually met with, or 
whether a spiral, though indications point toward the former. The 
central nucleus lies in a bright nebulous spot which gradually fades 
out at 30” diameter. The surrounding ring is very faint and nar- 
row and about 80” diameter. 

N.G.C. 6702 appears as a nebulous spot very similar to, but 
fainter and smaller than, the central part of 6703. It is slightly 
elongated in p= 60°. 

There are six additional small faint nebulae on the plate, three 
being nebulous spots and three spindles, the brightest two of the 
latter with respect to N.G.C. 6703 being at p=177°, 8/9, elongated 
in p=120°, and p=132°, 9/8, elongated in 129°. 


N.G.C. 6804 Aquila 
a= 19"27%37%, d=2-9 2:9 (1917); -A=13,, B=—O" 
Plate No. 120, 1912, June 11, 60™. Weak 


The plate shows the nebula as a faint annulus with an irregularly 
shaped ring 5’’ to 10”’ in width and about 32” 25", p=60°. It has 
the typical central star and another of about the same magnitude 
lying directly upon the ring at the W end of the major axis. As 
in many planetaries, the nebulosity is stronger near the ends of the 
minor axis than near the ends of the major axis. Huggins" found 
that it had a bright-line spectrum. 

Plate 294, 1917, June 24-25, 325™ exp., shows a planetary 
nebula with uniform disk 65’’X55’’, p=165°, on which lies the 
ring described above. The Np and S points of the rim are 
strengthened while the f side is missing. 


* Philosophical Transactions, 166, 386, 1866. 
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N.G.C. 6818 Sagittarius 
a=r1930"r7", S=—r14°atir (1917); A=353°, B=—10° 
Plate No. 115, 1912, June 10, 5™. 25-foot focus 


Plate No. 116, 1912, June 1og 2™. 25-foot focus 
Plate No. 137, 1912, July 12, 75™. 1oo-foot focus. Illustrated Plate VIIc 


This bright planetary nebula is about 25” in diameter and con- 
tains a small faint nucleus and much detail. Upon the faint uni- 
form disk lies a moderately bright elliptical ring 25’"X 16”, p=o°, 
and varying in width and intensity, the N end almost fading into 
the disk and the other end crossed by a dark streak. From each 
of two strong knots, about 8” apart and equidistant from the 
nucleus in the W limb of the ring, a wisp runs inward to the major 
axis, the two wisps being parallel. A thread runs from the nucleus 
NE to the E limb. The spectrum has bright lines; Keeler’s' value 
for the radial velocity is —16.7 km. 


N.G.C. 6826 Cygnus 
a=19'42™34°, d=+50°19'4 (1917); 9 A=52°, B= 12° 
Plate No. 130, 1912, June 14, ro™ 
Plate No. 131, 1912, June 14, 5™ 
Plate No. 132, 1912, June 14, 25™ 
Bathed-process plate and red screen; Pan-Iso developer 
This is a bright planetary nebula 30’’X27’’, p=127°. The cen- 
tral nucleus is bright, sharply defined, and about 10” in diameter. 
A knot appears at each end of the major axis, otherwise the disk 
is uniform. On the red-sensitive plate the nucleus is about 5” in 
diameter and lies in a faint nebulous haze that fades out at about 
18’ diameter. The Cassegrain short-focus camera gives a spectrum 
strongly continuous for the star, crossed by bright lines, some pro- 
jecting but a slight distance beyond the nucleus, others clear across 
the disk. Values obtained for the radial velocity are —5.3? and 


— 83 km. 


x W. W. Campbell, Stellar Motions, p. 210. 

2 Ibid. 

3 Publications of the Astronomical Society of the Pacific, 27, 239, 1915. 
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N.G.C. 6894 Cygnus 
a= 20513™38, d=+30°18'6 (1917); A=37°, B=—-3° 


Plate No. 4, 1911, July 2, 60™ 
Plate No. 7, 1911, July 3, 14™ 


This is a well-defined ring; on the outside there is a haze, par- 
ticularly on E and W sides; and on the inside, many protrusions 
toward the center giving an internal-toothed appearance. The 
strongest thread of the ring measures 42’’"X 32”, p=45°. The cen- 
tral nucleus is stellar and small. In the Np section of the ring is a 
star with a very faint companion partly surrounded by a dark 
ring. A. Searlet found the spectrum to show bright lines. 


N.G.C. 6905 Delphinus 
a=20'18™42°, S=+19°15/3 (1917); A=29°, B=—110° 


Plate No. 145, 1912, August 16, 180™. 100-foot focus 

Plate No. 147, 1912, September 5, 175™. 100-foot focus 

Plate No. 149, 1912, September 6, 205". 100-foot focus 
All plates weak 


This is a planetary nebula 47". 34”, p=175°, containing much 
detail, strongest on E and W sides and weak along the NS line. 
Huggins? found it to have a bright-line spectrum. 


N.G.C. 7008 Cepheus 
a= 20h58m8°, 8=-+54°13'5 (1917); A=6r, B=+5° 
Plate No. 243, 1914, July 22, 180™. Illustrated Plate VIId 


This planetary nebula is elliptical in shape, 95X75", p=5°, 
containing much detail. The strongest bits of nebulosity are two 
condensations just E of the N end of the major axis. On the Sf 
side the elliptical form seems eaten away, but traces of nebulosity 
may be seen connecting with a star which lies p=156°, 53”. A 
number of stars a magnitude or two fainter than the nucleus appear 
in the nebula. Except for one, they are surrounded by a dark ring 
which in turn opens directly on a dark region. As the nucleus 


* Harvard Annals, 33, 145. 
? Philosophical Transactions, 156, 385, 1866. - 
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itself presents this appearance, it is suggested that these stars lie 
within the nebula. One of these stars, p= 240°, 23’, appears elon- 
gated; it may be a double star or a very bright bit of nebulosity. 
One star at p=65°, 29”, with respect to the nucleus, is but partly 
surrounded by the dark ring. Huggins' found the spectrum to be 
gaseous. 


N.G.C. 7009 Aquarius 
a=20's9™398, d= —11°41/6 (1917); A=5°, B=—36° 
Plate No. 138, 1912, July 12, 90™. 100-foot focus 

Plate No. 140, 1912, July 13, 210™. 1o00-foot focus. Illustrated Plate VIIe 
This is a most striking planetary, owing to its resemblance to 
Saturn. The brightest nebulosity is in the form of an elliptical 
ring, outside diameter 30’’X13’’, p=78°. A second ring, more 
or less complete in outline, lying across the nucleus and in p= 160, 
almost at right angles to the first, shows as a condensed knot on the 
N side, broadening out as it approaches the S side. Another 
feature is the rhomboid-shaped uniform mass with the E and W 
edges, approximately 18” long, lying parallel to a NS line, and with 
the N and S sides, 23” long, slightly convex outward and running 
parallel to the major axis of the bright ellipse. The faint ansae 
are about 51” apart and connect with the central parts of the 
nebula through a bar lying in p=78°. Other knots and threads 
besides those described also show. The reproduction has been pre- 
pared with a view to detail rather than to relative intensities. 
The focal-plane slit spectrograph shows a bright-line spectrum. 
The radial velocity is -+-10.1 km,? and Campbell and Moore have 

found internal motion. 


N.G.C. 7023 Draco 
a=21%035%, 8=+67°50'3 (1917); A=72°, Betis 
Plate No. 12, 1911, July 23, 149™ 
This large nebula contains a great wealth of detail and is inti- 
mately connected with a star of the seventh magnitude lying in it. 


t [bid., 156, 387, 1866. 
2,W. W. Campbell, Stellar Motions, p. 210. 
3 Lick Observatory Bulletin, No. 278. 
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It occupies one of those dark regions which appear devoid of stars 
and which have been explained in several ways: the stellar material 
is at present in the nebula, or the nebula, containing both dark and 
bright material, lies this side of the stars and cuts off their light. 
Traces of the nebula extend as far as 9’ from it, but only in those 
regions that are starless. The nebulosity surrounding the star is 
strongest and projects on its Sp side. Several bright filaments run 
Sp from the star, and there are two more S of the star running in 
an EW direction. The spectra of both the star and the nebulosity 
13”6 N of the nucleus photographed with the focal-plane spectro- 
graph are continuous with absorption lines. The velocity of the 
nucleus is +0.7 km." 


N.G.C. 7026 Cygnus 


a=2183™30°, d=+47°30'8 (1917); A=57°, B=o” 
Plate No. 156, 1912, October 10, 120™. 100-foot focus 


This bi-nuclear planetary is formed by two nebulous knots of 
about the same intensity, elongated NS, one lying 6” almost due 
Eof the other. They are connected by a bar, but there is no central 
star. There are traces of two loops, one on the N and another on 
the S, so connecting the knots that the whole forms an ellipse, 
27”’X11"", p=10°. The spectrum shows bright lines and Campbell 
and Moore? have found internal motion. 


N.G.C. 7027 Cygnus 


a=21>3™56%, d=+41°54'o (1917); A=53°, B=—S° 
Plate No. 142, 1912, August 15, 30™. 100-foot focus 


This is Webb’s bright planetary, a bright starlike patch with 
faint wings extending 3” to 4” to the Nand E. A second condensa- 
tion of about the same intensity as the wing, elongated in p=80° 
and of about the same size as the star, lies atp=130°,5”’. The focal- 
plane spectrum shows very strong bright lines with practically no 
continuous background. Internal motion has been detected’ by 
Campbell and Moore. 


* Publications of the Astronomical Society of the Pacific, 27, 239, 1915. 
2 Ibid., 29, §5, 1917. 3 [bid., 28, 119, 1916. 
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N.G.C. 7129 Cepheus 


a=21'4r™4*, 8=+65°43‘3 (1917); A=73°, B=+9° 
Plate No. 273, 1916, August 31, 150™ 
Plate No. 274, 1916, September 3, 25™ 


This nebula lies in one of the vacant Milky Way regions in 
which one or more bright stars are involved in nebulosity, faint 
traces of which may be followed over a large part of the dark area. 
Seven stars are involved in nebulosity, their positions with respect 
to the brightest, a, being as follows: 


ab p=298°, 58” ac p=50°, 62” ad p=15°, 60” 
ae p=355°, 4'5 af p=346°, 4'9 ag p=63°, 5'9 


The nebulosity about a for a distance of 12” is very strong, com- 
pletely masking the star; beyond it is fainter and more or less inter- 
rupted by dark patches up to a distance of 30’’, where the curve 
begins. From a the nebulosity sweeps Nf, just passes ¢ and d on 
the N, and sweeps backward to the W underneath 0. Fainter 
clouds appear Sp as far as 4'5 from a. Not including e, f, and g, 
the nebula lies within a circle 6’ in diameter, the center of which is 
about 1‘'5 Sp a. Two stars lie near this center, but do not seem 
involved in the nebula; e, f, and g are each centers of nebulosity 
of medium intensity and irregular form about 1/5 to 2’ in diameter. 
A long exposure will probably show all these stars connected by 
nebulosity. 


N.G.C. 7177 Pegasus 


a=a2r's6™44*, 8=+17°2014 (1917); A=43°, B=—30° 
Plate No. 126, 1912, June 12, 75™ 


This nebula is a right-handed spiral with moderately bright 
nucleus, arms fairly strong over roughly 30” diameter. Outside of 
this are traces of arms filling an ellipse 2!5X1‘/5, p=75°. One 
arm starts from the nucleus and branches in two, the arm opposite 
being deformed or missing altogether. 
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N.G.C. 7217 Pegasus 
a=2254™10%, 8=+30°57/2 (1917); A=54°, B=—21° 
Plate No. 216, 1913, September 2, 330™. Illustrated Plate XIVc 

This nebula is a fine right-handed spiral seen in plan. It 
meaures 3/X2/5, p=80°. For one turn about the nucleus the 
nebulosity is quite bright; then it drops in intensity over a space 
75’’X60'’, where it fades away to increase again in brightness so 
as to form a ring, at the periphery 20” to 30”’ wide, almost as bright 
as the second stage. Instead of two separate arms there seem to be 
many small ones composed of fine, knotted, and stringy nebulosity 
lying closely parallel. It lies in a region rich in stars. Huggins* 
found the spectrum to be continuous. 


N.G.C. 7662 Andromeda 
a=23h21™548, §=+42°4'8 (1917); A=74°, B=—18° 


Plate No. 29, 1911, October 17,90™. 100-foot focus, 44-inch aperture 
Illustrated Plate VIIf 

Plate No. 148, 1912, September 5, 60™. 100-foot focus 

Plate No. 157, 1912, October 10, 60™. t100-foot focus. Seed 27 plate 

Plate No. 172, 1912, December 10, r™, 3™, 67, 107 

Plate No. 173, 1912, December 10, 7, 30™ 

PlatewNoy 177, 19613" January wejer4 ee 

Plate No. 275, 1916, September 3, 1™, 4™, 10™ 


This is the well-known planetary in Andromeda with sharp 
bright nucleus and a mottled disk 31’ 27”’, p=40°, on which lies 
a very bright elliptical ring, 2’’ to 3’’ wide, whose median line is 
15""X9", p=45°, weakened on the minor axis. The E edge is 
tipped with a bright line of nebulosity. The longer exposures show 
a considerable number of knots on the rim, and from two of these, 
at opposite ends of a diagonal in p= 200°, threads appear which 
project over the edges and form ansae. The spectrum with focal- 
plane slit has bright lines, with practically no continuous back- 
ground. Keeler’s? value of the radial velocity is —11.4 km. 

Mount Witson SoLar OBSERVATORY 

April 1917 
* Philosophical Transactions, 156, 391, 1866. 
?,W. W. Campbell, Stellar Motions, p. 210. 
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STUDIES BASED ON 'FHE COLORS AND MAGNITUDES 
IN STELLAR CLUSTERS 
FIFTH PAPER: COLOR-INDICES OF STARS IN THE 
GALACTIC CLOUDS 
By HARLOW SHAPLEY 


The interpretation of the color results' for Messier rr has 
involved a more thorough investigation of the general stellar fields 
of that part of the sky than can be made on the basis of the stars 
shown on the photographs of the cluster. In this system the pres- 
ence of faint stars that are conspicuously bluer than those found 
in Messier 67 and other open clusters of high galactic latitude 
opens the question of the relation of color to galactic latitude and 
necessitates an inquiry into the frequency of color-classes in the 
dense galactic clouds, one of the richest of which surrounds Mes- 
sier 11. The present paper is concerned with the results for color 
and magnitude in four fields in the immediate neighborhood of the 
cluster. 

The position of the center of each field is given in Table I. 
Fields I and II are respectively southwest and northwest of 


TABLE I 


Gaxactic CLouD FieLtps NEAR MESSIER II 


Field Central Star R.A. 1900 Decl. 1900 
Tieeranees B.D.—7°4736 1845™ 68 —7° 8! 
dR Per eareeeoye B.D.—6°4913 18 43 18 -—6 7 
100 Vee Sis ne aoe nar 18 46 Io —6 28 
TV eicesteerts | ein aceornyincn che oon 18 45 42 —6 17 


Messier 11, each nearly a degree distant, and in the denser parts 
of the galactic clouds, as may be seen by referring to Barnard’s 
photographs of the Milky Way.? The photographic and photo- 
™ Mt. Wilson Contr., No. 126; Astrophysical Journal, 45, 164, 1917. 
2 Publications of the Lick Observatory, 11, Plates 62-65, 1915. 
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visual magnitudes in these two fields were determined by direct 
comparison with the stars in Messier 11, and those for Field I were 
also derived through polar comparisons. Table II contains a list 
and description of the plates used for the first two fields. 


TABLE II 


OBSERVATIONS ON Fietps I anp II 


atte Date G.M.T. nee f Ee. Exp. Time peak Remarks 

201....|I916 July 6 | 18456™! Iso Bie Nets 10° E ITand M11 
Rs, wists y ee 6 | 19 28 | Seed 27 2 3 2°E | ITandMur 
BAKO S 5 00 4 | 18 52 | Seed 27 8 a 1° E Tand M 11 
220m 7 \ 9 \2>\—Iso { & 15 8°E | TandM 11 
222 T an ats 7 | 20 10 | Seed 27 I ji 9° W | I, for chart 
S402ne ee ee AUS 2 bee LOMA elo 6 I-10 4E HU, exp.-ratio 
BY MO 6 Ss 25) £024 eso 5 0.4-4 4° W | II, exp.-ratio 
BACAR Er 25 | 16 52 | Seed 27 3 2 8°W | Iland M II 
BOWE 4 25) ei 7. Soules 6 I-IO 25° W | I, exp.-ratio 
BAB Tiswetes Sept. 6 | 16 4 | Iso 3 5 8°W | IlandM 11 
FYNOB 5.6 onc 2A EES secures 3 2 16° W | IlandM 11 
S404 were 24 | 15 52 | Seed 27 3 2 22°W | Iland M11 
BAOS ae ee 24 | 16 o | Iso 3 Io 24° W | Iland M11 
AGO 6 0 ac Nov. 22 | 13 57 | Iso 5 3 nie We i) Land! NERS 
BAM 5 ac 22° 043) Seed 27 5 I 53° W | Land N.P. 


Field III is about 9’ southeast, and Field IV 7’ north, of the 
cluster. The magnitudes were determined directly from the plates 
used for the study of Messier 11, which are described in the first 
table of the preceding paper of this series. A further partial check 
of the colors in all fields was obtained by the method of exposure- 
ratios.% 

The fifty stars in Field I, for which final results appear in 
Table III, were selected at random from the several hundred within 
the measurable limits of the plates. Details concerning the 
measures and reductions can be omitted. It will suffice to note 
that the average deviation from the mean of one determination of 
a photographic magnitude is +o.10; for a photo-visual magnitude 
the average deviation is 0.06. The average probable error of a 
color-index is about +o.08. In this field the exposure-ratios for 
a hundred stars give an independent determination of the colors, 
and, though the reduction-curve now available is provisional, the 


*F. H. Seares, Mt. Wilson Communications, No. 33; Proceedings of the National 
Academy of Sciences, 2, 521, 1916. 
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TABLE III 


MAGNITUDES AND Cotors IN Fretp I 


Sta dacos as | Phptomraphic | Photo-isual | ColorIndex 
a 

NS a eybeec — 188” —1096” 15.46 13.88 +i1M58 
vtec ee eee Sy +448 15.54 14.28 +1. 26 
Rian SRN eh diva tats iret! BS? oS 14.78 13.65 +1 31g 
Brae shat eon +418 14.84 14.59 ST Oma5 
gat Saates aire wis aes — 46 15.42 15.00 +o.42 
apenaire seen steccks EAD) — 56 14.04 13.64 +1.30 
ets Ware sas —128 —149 13.26 12.93 = Ong 
Wei ee ee —II9 — 1. Dy r2 14.62 +o0.50 
fy Uk tok —118 +428 Sty) I4.61 +0.96 
iat apewel eee he 3 —II4 372 14.95 14.53 +0.42 
Ricgevate erat. < ahs —221 14.40 e777 EI OMOg 
sSiMters wean tet — 81 — 20 14.32 14.46 —On4) 
A Oe REL — 69 +174 I5.41 14.43 +0.98 
Sie eokeee — 68 “tnO5 15.38 14.86 +0. 52 
eaten, « = 188 +145 16.24 15.04 apt 20) 
soe ec ee — 55 +330 14.42 Teo +o0.61 
speck efenasetere id = ly — 0 15.49 14.30 Sri ug) 
PSY iSetee e — 44 310 35570 12.64 +1.06 
eee arog te a — 38 + 72 13.98 Ten +o. 26 
seen tefasponeye ie —= 37 Se Bee ay 13.83 ape by 
Ripustendeistoe sh a ue: 14.54 13.84 +0.70 
A Ge cee inet fe —— aH — 67 Gye gh 14.43 +0.88 
Stn aR ° +189 15.07 14.64 —0.43 
coisa ga ee + 25 +146 15.19 14.16 = 5.03 
i ote ate ee + 35 +417 14.45 Topi) +1.28 
reser ne + 43 i223 0S DE 14.58 +0.67 
Pecans Hanes + 44 +196 II.45 II. 34 +o.11 
Peat acer, 5 + 49 + 205 14.99 14.53 +o0.46 
naa ee + 53 + 401 I4.40 12.64 +1.76 
See sravdten seeks =) 50 = eit 14.85 TA 12 +0.73 
SOR RE aoe + 70 +223 14.77 14.37 +o.40 
8 eee + 80 +297 15.01 13.05 +1.96 
mssbiitert se wes ae + I4 14.96 14.05 +o.91 
Se Raveena a teh + 66 15.58 LA 22 SPO 
oe anes + 88 72 T3H73 Sf +1.16 
Stee ee ee =p OF + 234 12.78 T2530 +0.48 
Ue Sere +106 +119 14.46 I4.14 =-Ona2 
Rea ea teat tye talons Spek + 89 14.36 13.98 +0. 38 
By eee) aac K +145 + 22 14.36 13.83 0.53 
ees +174 +197 13.89 AOS +0.96 
CE oer ee + 200 + 79 L530 14.56 +0.83 
Ae Me ae onetd +220 +138 Toe i083, 0088 +o0.06 
Ptah hip cit. Aste +229 +109 13.04 Al +0.33 
Shonda TMS +244 +188 14.61 13.98 +0.63 
eae wrote ghee See +216 13.20 11.48 +1.81 
MANO Peer Gre +253 +154 5a 14.02 +1.30 
SS ie ee +358 +133 14.89 13.80 TOO 
EEE arisen: +361 +126 rey a I4.10 +1.07 
Aor +363 +169 14.89 TAS i 10.32 
Sey oe ae +367 +113 I3.20 T2502 +1.08 
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results from the different methods are in satisfactory agreement. 
The positions given in Tables III-VI, which are intended to serve 
only for identification, were determined, with the aid of a reseau, 
from enlargements of the original negative, the orientation and 
scale being derived from catalogue stars. 

Table IV contains results for Field II. The average deviation 
of a magnitude from one plate is 0.07, giving an average probable 


Fic. 1.—Frequency of color-classes in galactic clouds 
Abscissae are color-classes; ordinates are percentages 


error for a color-index of less than 0.06. This value is independ- 
ent of the accidental errors in the magnitudes in Messier 11, as 
thirty or forty of the cluster stars were used in the intercomparison, 
but it is not free from possible systematic errors in those magnitudes. 
From the results of the polar comparisons for Field I and from the 
colors derived by exposure-ratios, this latter source of error is found 
to be unimportant. 

The errors in the magnitudes for Fields III and IV are essen- 
tially the same as those given previously for the stars in Mes- 
sler 11. Stratonoff’s catalogue of stars in and near the cluster! 
includes a number of these outlying objects, and, when available, 
his numbers are given in the second column of Tables V and VI. 


* Publications de l’Observatoire astronomique et physique de Tachkent, No. 1, 1809. 
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TABLE IV 


MAGNITUDES AND Coors IN Firxp IT 


Star Aa cos § As eyed sre ain Color-Index 
4 GEC — 484" + 76! 12.89 12.48 +oM4r 
AAR eceee —481 +144 15.68 14.50 +1.18 
ee i Sie ie & —474 + 1. I4.01 13.81 +o. 20 
Sa ee Cir —468 + I9 13.99 13.61 +o. 38 
ay eee —467 +155 14.82 13.84 +o.98 
She ee te — 466 + 10 16.58 14.35 +2.23 
—463 —436 T2N02 mans --0. 17 
Seon Eye —450 ae DAN 72 14.28 +0.44 
BP Re ege —449 —431 13.86 13.83 +0.03 
a ge ae —445 —- 15 TS awe Tae G2 +o.60 
SEIS Ae he —440 ry 12.64 10a). ay) +o.30 
Bec atk ait: —A27 — 500 15.84 15.01 +0.83 
Le ee tare =—A22 = 25 I5.16 13.61 —+-2.55 
SRO mere —4II +147 I4.72 PARES =o. 17 
Sefer 2 — 389 — 45 14.77 13.48 +1. 29 
Seite s eS — 388 — 68 14.24 I4.02 +o. 22 
a Aa ec — oF —521 14.47 13.45 +1.02 
Se Ae —376 + 33 15.19 13.28 +1.91 
Date aa — 367 —353 15.30 14.97 +0.33 
kin Ge aie — 367 —371 16.29 14.83 +1.46 
ne — 365 —445 14.88 13.28 +1.60 
Bit eae — 364 + go 14.18 I2.45 +1.73 
Siehetotctess 2 8,2 —356 — 316 Tee aty/ 14.85 +0. 32 
SD eysieioie ses — 354 —327 15.64 I5.00 +0.64 
aon cece —353 —526 I4.50 14.50 0.00 
Seated ciance rate ig +107 16.69 14.69 =|-2.,00 
Reais ca — 336 37.9 13.99 13.85 +0.14 
ch Re mie SERS — 307 I5.40 13.96 +1.44 
oetetis Siem ie = BES —447 15.05 13.83 Fh OP 
A ange sete — 325 + go 16.01 14.61 +1.40 
Be es etic EOE. + 60 16.61 14.98 Sato 
Ay Se on —318 +256 14.34 Th. DE +o.09 
SEA eee SBS +198 14.03 1D oP +1.21 
eee ence — 35 — 373 12.66 TI O2 +0.84 
Bt Ros Se — 306 14.79 14.55 +o. 24 
ee ae a — 323 14.45 14.23 +o.22 
Si CESS eee — 303 + 239 Hh 3 2) 14.79 SOnas 
Aptian; sve cates — 302 — 208 15.20 14.66 +0. 54 
ite eee — 299 —217; LG ey 14.08 a 00 
Prete Rete or — 204 +127 14.69 I4.40 +o. 29 
Sach can cee amet — 292 — 350 15.88 15.02 +0.86 
Ae ee, — 292 —199 £4.99 13.98 +1.01 
NN Te — 289 + 280 15.68 Anne 7 +1.41 
3 ene — 288 —330 14.82 I4.55 +0. 27 
Bp Ps cc ie — 283 + 69 14.41 13.94 apna 
Ss Seto ORC — 282 —254 I4.21 13.94 +0. 27 
ct SOTO — 281 —301 14.79 14.33 +0.46 
Lee —279 +120 16.64 14.56 +2.08 
Sat Mae oe —278 +470 15.63 15.03 0.60 
cee — 265 —=287 15.13 14.81 +0.32 
Re ee —260 +298 15.57 14.98 +0.59 
ae ee —259 — 249 14.74 14.30 +0.44 
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TABLE IV—Continued 

Star Aa. cos 6 a6 iota: peta Color-Index 
eRe Beon ah? — 258” +330” 15.16 14.63 +053 
Ia eee —255 +107 14.69 14.35 +0. 34 
Lpeaie es —254 +469 13.91 13.83 +0. 08 
Mami ete tee — 248 +178 14.82 13.28 +1.54 
57 eee eee — 245 +240 ¥5.32 14.81 +0. 51 
BS Re eapaeieiae: — 244 +302 16.03 14.56 +1.47 
OP Pe prctaes Bie — 243 +348 16.01 14.87 eral 
COR — 243 372 13.78 12.03 Stas 
OT Se — 238 +128 13.75 13.55 +0. 20 
Coe a ree a = 237 +236 14.52 14.18 +0. 34 
OS nee 232 — 290 14.38 14.16 +0. 22 
O44 Aas —232 +241 14.15 13.85 +0.30 
OSneat toh ae —228 — 246 15.48 14.30 baw a ¢) 
GO ees — 225 +295 14.40 13.34 +1.06 
O7 ieee mie —224 — 336 13.49 12.83 +0.66 
OL meeeh oc 224) +146 14.79 13.94 +0.85 
Gone, ~221 +270 14.27 13.85 +0.42 
TOE Ree oo —218 +469 I5.00 14.74 +o. 26 
TL athe eee Soir +252 14.90 14.43 +0.47 
eae ae ee —20T +470 13.63 12.39 1.24 
7S Rese: —210 +319 Wl ee) 12.50 +1.82 
T Ardercorerrears tO) +386 14.77 14.55 0.22 
DS stelle opacaets —=210 +139 16.57 14.52 +2.05 
OSE Ps eee —207 —250 16.50 14.57 SOR 
ibokeaoe iio — 200 —314 14.80 Taha SP) 
TORE aes —107. — 280 I5.40 14.23 a tei, 
TOistoeraey ences ios +242 16.13 14.66 Seay 
SO nant ee SOS —445 12.27, II .43 +0.84 
SEs — 186 +405 15.48 14.52 +0.96 
S2 eet es Sigh =A75 15.78 14.48 e306 
3 ee — 166 —476 15.78 15.04 +0.74 
Sane a cate —163 —482 16.08 15.09 +0.99 
sc Pacer re iis —189 15.65 TAe Sc +1.14 
som | ern —146 +376 16.04 14.79 +-1.25 
Vicliorcamere tne AT —215 15.59 14.92 +0.67 
SS ait 134 +411 14.77 14.90 (6) 5g} 
SO a whens oe SOS +354 GS 14.23 =-E.30 
Oke Gs initia poe SNP, —480 14.31 13.96 SOnSS, 
ORL i819) — 249 15.80 14.55 sls BG 
OIG manmroobe 1630) +429 15.40 14.80 +0.60 
O3 Bree ete, = Of — 268 14.87 14.42 OAS 
OA tryeterces otis — 86 —514 14.69 13.58 +I. 11 
OS ier rte ers =) 5 +401 15.56 14.15 14 
OO ahaa = Sn —492 16.08 T4572 +1. 36 
OU ete ae = YO) —479 14.72 14.52 +o. 20 
OSM, Gee = 97 + 282 14.85 13.96 +0.89 
Os oonn6hac = = 534. 15.49 14.95 0.54 
LOO Reet = (yi 202 14.90 14.86 +0.04 
LOL ate care = (07 — 403 15.12 14.85 +0. 27 
TO 2) ae ees = Be) +299 16.18 Ay eer ane 
LOS@LR eee — 49 —482 13.46 13.39 +0.07 
LOAD re ee = Als +283 15.56 14.35 -FI.21 
LOS a eer 2, — 205 16. 26 14.88 Speak ys) 
TOO: eeheneer = iK) +315 14.72 14. 23 +0.49 

ee eee 


146 


COLORS AND MAGNITUDES IN STELLAR CLUSTERS 


TABLE IV—Continued 


e 


7 


P 
R 
or) 
° 
a 
(7) 


~ 
~ 


[Sie i 


+4+4+4++4 | 
ios) 


+100 


AS Photographic Photo-visual 
Magnitude Magnitude 
— 237" 12.93 12.18 
4-301 14.54 14.48 
+332 14.45 13.05 
+291 14.50 I4.13 
+289 5220 14.66 
354 15), b2 14.61 
=e840 16.61 14.74 
+339 13.26 12.33 
+150 15.20 14.86 
—165 15.35 14.53 
= 3i T3e13 2s 0 
+247 15.68 14.37 
— 59 12.36 11.35 
—104 16.11 14.58 
—320 I3.Q1 12.68 
Sule 14.80 I4.50 
a ASS 14.93 13.46 
—424 14.77 14.50 
SEs} T5433 14.83 
moO 14.03 13.94 
=353 13.93 13.61 
Sy TOe22 14.86 
— 347 14.65 14.20 
—424 15.99 14.55 
+281 16.10 14.66 
=e ihe) 15.94 14.27 
—401 13.56 12,82 
—120 16.07 14.76 
—108 14.99 14.39 
— 328 14.90 14.46 
+293 14.86 13.40 
+145 ile 87 igh 22 
—322 15.83 14.80 
=—321 15.50 14.80 
+ 93 15.91 14.48 
—453 15.88 14.50 
—432 12.41 II.93 
—1I55 E575 Ae 
— 443 14.91 14.97 
—481 327 113 2¥P) 
—435 I4.91 14.25 
—180 14.92 14.02 
—186 13.19 12.19 
—187 16.54 14.86 
— 278 15.54 15.01 
—4097 12.46 II.50 
—291 15.58 14.20 
—195 16.87 15.25 
—s17 12.89 13.06 
—491 Tn 7o 14.20 
—224 13.38 II.99 


Color-Index 


147 


8 HARLOW SHAPLEY 
TABLE V 
MAGNITUDES AND Cotors IN Frexp III 
Star ae R.A. 1900 Decl. 1900 eyecare ee Color-Index 

Te lanes 697 {18455588 |—6° 28’ 26” 14.45 14.14 +oM31 

Dates 698 56.3 Dp ako 13.14 11.98 +1.16 
Bt ecansee | aver ster sathene 56.7 Dil ED; 16.03 14.83 +1.20 
Ase aes 710 57.6 20027 323 12.84 +0.39 

ft Aceeseesies Gre 58.1 28 43 I4.50 I4.17 +0. 33 
Onstieat 730 59-9 28 46 14.46 14.21 +0. 25 

Pool Ol tamer o rien ah 46 0.2 yh Eo, 15.07 14.74 =+-0. 33 
Siesta eases 0.5 28 20 15.38 15.06 aiOna2 
Onineane 738 On7, Bo} Tes I) 11.84 +1.68 
LG Asts aie Sllavetsheteaser ele 0.9 27 44 15.04 14.58 +0.46 
LT Anse 740 ak 28 25 12.02 I1.96 +o0.06 
TD lea tidheeh | tenes raion ns Pie, 27 56 E5e22 14.85 +0.37 
B35 sehen [ere ei eee kere BE 28 54 LSei2 I5.18 —o.06 
TA yaw aettl| Serene Reece 2s 28. 5 I5.04 I4.71 0,33 
LG See dsies 748 2.5 29 20 14.30 EAGET =o). 13 
boners ied ee oe elas one DG) 2355 4.72 I4.24 +0.48 
iy ns WER We eee Carer Ae a ae) 28 28 15.02 I4.02 +1.00 
TO itercyewne | atesree ere 5-4 30 35 14.88 13.80 +1.08 
TO pascal tres eee 5.4 29 34 14.80 14.74 +0.06 
BOK Wain: 769 6.9 Def shy) I4.21 14.06 Ons 
2 Lar wae 770 6.9 30 18 Tan23 I2.91 +0. 32 
QD. za claty sosveee eras 9.1 30 29 15.07 14.95 +o.12 
DBS oP ceansl lena eeet te ecate 9-3 30 24 15.27 14.40 +0.87 
Mls aon 0 780 9.4 29 I0 11.60: 10.67 +0708 
PAS nrt Pal Rte Pisani ee 9.6 Dy) Ops 14.84 14.55 +o.29 
Avereter ma Ge bee Rac On Day Bis LS 55 14.55 +1.00 
Ponti eeles cy de coe 9.8 2 aLo 14.97 14.55 +0.42 
BS ins jeans 782 10.1 30 32 13.76 I2.47 +1.29 
ZO Selsiets 783 Io.I 26 28 13.15 IIl.61 =r. 54) 
BO res wien tees 786 10.3 BY) 1D) 13.76 13.64 +o. 12 
EB IF ara, Sk ytaeseovateucheree ears 10.8 2537 14.76 13.89 +0.87 
Bi catetrenttene 788 10.9 2 Gil 14.59 13.64 +0.95 
iB Bite he erases 789 Lie 23057 14.11 13.84 -+-0.27 
BAe rachertrl| sicereeaheete Tea? 28 52 14.93 14.68 =—=O1n25 
EXcecrcnlke ta & Giaeo uk 13.3 28 42 14.93 14.48 +0.45 
3 One, b asa etl araeepela re eetete 13.6 25 30 15.98 14.55 =i 43 
Baraat ee St 705 14.0 25 50 13.93 13.68 0.25 
BS oie on oases 14.1 29 43 14.34 D738 +1.61 
BO eeae 796 TAR? 290 57 13.89 13.49 +o0.40 
AO Hat aretiess| everceaccre eke E53 27 ES THs 14.93 +0.62 
4 Deveisienniecs 804 I5.9 Diop is) 13.64 13.56 +0.08 
AQimrersrsncrese 809 16.6 27 34 103 159) 13.36 +0.16 
ArSierns ee 811 es 28 22 13.80 13.70 +o0.10 
AA Nenete ater 814 17.9 26 13 14.42 I4.17 qFOs2s 
A Shatin att reals geste tetera 19.0 27 38 14.80 13.84 +0.96 
AOrinte toate 823 19.3 Diep iis 13.19 II.64 “E55 
AT Sl ebetees Oo 20.5 27 a7, 14.93 I4.21 On 72 
AO rw iieretote Ree 255 28 I5 15.46 13.98 —1.48 
AQ Ge evs seaailtole-oeee ae 21.9 28 2 14.88 TAO +o0.78 
Conse cel onic dete Bie 22 28 40 14.80 14.48 +0.32 
SIL ahevecegueed iterate dene Dent 28 AI 14.84 I4.21 +0.63 
I Qiveioaree ts 831 DBD 28 29 13.56 12.82 +0.74 
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COLORS AND MAGNITUDES IN STELLAR CLUSTERS 9 
TABLE VI 
MAGNITUDES AND Cotors IN Fietp IV 

Star caer R.A. 1900 Decl. 1900 pe tba ae Tee. Color-Index 
Laer ot 177 —-|t8445™2687 |—6° 16’ 38” 13.98 13.68 +oMZ0 
BOT eA iterates 2 ant Aga 16 24 Lia I5.00 =+-0.32 
Be omrcnalitrs oreratet ers 28.4 17 30 15.84 15.16 +0.68 
A Pete eral | a SRR oar 28.5 17a 160.56: I4.97 1.505 
aoe IQ5 28.7 157.0 14.74 13.24 1.50 
iso t or 196 28.7 16 29 14.86 14.65 —-On2n 
Pewter oataliote ate < ths 30.6 16 30 16.94: 14.58 +2.36: 
LOR: 1 ca 30.8 Typ ah 15.26 14.83 +0.43 
(5 SON |e tee Sa Bre 7A I5.50 TAL 7, Sei BS 
PO om 220 ts W707 13.85 I2.99 +o.86 
LE i ree |S oe Rs Bos3 18 32 14.93 14.52 = OmAt 
UES eee 241 Sao nly Toney 12.82 +0.55 
Reh Bitar Sees ey- ace ara, esr Seer 16 29 15.80 14.06 +1.74 
TAS ciate 246 Bans TS5e0e 13.85 EB ARR +0.52 
8 aceon 255 33.9 18 34 14.89 14.58 +o0.31 
Ope acer Moe aac. erst 34.8 ri sae, 14.78 I4.14 +0.64 
BH ea tem hell me fees HRA 35.0 17s 16.38 TA +1.67 
d Road Sl as ene Sa Bon ity BD 14.86 I4.17 +o.69 
EGici ten aa ae ae os B53 sis 18) 15.46 14.85 +o.61 
Ae Fs, SSA A ae PR SNE 35.6 Lup By 15.92 14.58 +1.34 
oH tin ea 304 36.8 I5 56 12.67 11.63 +1.04 
OT rte Zr 37.0 16 30 14.86 14.24 +o.62 
OL Ens 326 By ey | I4 59 I4.51 I4.17 +0. 34 
2A ey cists 339 Bonn 18 31 13.30 Li = On 5 
2a ae ey 340 38.1 Hey g 12.74 12.04 +0.70 
BOS ciahasats 367 39.2 I6 26 14.03 13.40 +0.54 
Oe Beane ie B7e 39.3 16 38 14.10 13.88 +0. 22 
Oho Pea 382 39.8 16 49 13.36 12.64 +o0.72 
20 ere recayavclleterete calor 40.0 16 28 15.35 14.91 +0.44 
RO Mmacrncntc| eee ae 40.0 16 35 15 42 D420 +1. 21 
Sete 388 40.1 ing Jefe) I4.51 14.21 +o0.30 
5. ae Paty | ras One NTS Aen 16 46 BSO2 I5.20 +0.72 
53 atats ctbaust| at aroun als ee 42.6 16 16 14.86 L3p42 +1.44 
BA Brctavicaiae 463 42.8 18 25 I4.07 eh AO) 0.31 
SG eo onctel peers, co ico 43.2 16 52 15.01 13372 aie l20 
Omer cota 473 Agee I5 34 14.24 132 0.52 
BY ky ISI 479 Aan I5 58 1S 7/2 Tae 42 +o0.30 
SO Mane o eye | eather 44.0 I5 30 1530 I5.00 +0.39 
iS Oyerereaia a oes etree ave 45.0 18 41 14.97 14.62 0.35 
AO nee Ne 530 45.4 18 36 13.81 13.08 +0.73 
Ui keds ar 549 46.2 18 30 Teo? Le its +0.87 
A as Ce 575 47.5 18 26 14.48 14.06 +o.42 
Dee ae A en 578 475 TEAS 14.26 I4.02 +o. 24 
Bdiiran sya 587 48.1 I7 50 eS II.95 +o0.50 
AS ehave Sis ere 595 48.6 18 18 Aes 14.44 —+-O. 1 
AO wre sexe og: 605 49.1 18 30 14.93 14.62 +0. 31 
AD suas. 8 a0 626 50.5 18 30 13.18 I2.39 +0.79 
AO arises 2 627 50.7 18 3 Be 778 13.24 +-0.50 
NO A bore ausnsis 632. fas f0) I7 44 14.32 13.49 +0.83 
SOE pens te 641 51.8 16 53 13.02 TLS +0.87 
By Deters oie 646 22 17 26 14.97 14.48 +0.49 
Ise ale 665 On 18 14 13.06 12.39 +0.67 
iB 3 eet 673 Ges 18 37 14.44 14.06 +0. 38° 
CAT ehsfeve os 683 54.4 17 26 I4.07: I4.10 (0), (oe 3 


*This star apparently varies through six-tenths of a magnitude. 
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The results for the four fields are collected in Tables VII and 
VIII, the former showing the distribution of the stars among the 
various color-classes,' the latter giving statistical data bearing on 
the relation of average color-index to luminosity. A wide range 
in color is immediately apparent; and the plot of the relative fre- 
quency of color-classes in Fig. r indicates that the distribution of 
spectral types among the fourteenth-magnitude stars is much the 
same in this distant galactic region as in the immediate vicinity of 
the sun. 


TABLE VII 


PERCENTAGE FREQUENCY OF COLORS IN GALACTIC CLOUDS 


Coror-Crass 
NUMBER OF 
FIELD Gunes 
bo bs ao as fo fs go g5 ko ks mo | m5 
[a aaa cole AGN pearg laud gees |) tioa |b ado) || Grex | me || BI] at 50 
OB Oe eine ad eel eer a Wane abaeee ah call a | fel] meee gee | Ge |) Gar 157 
TTS ee Ol 2 er se 208| Om erou| eto 8 4 8 7 he Xo) 52 
TVeeea er o] oO 2\ 27 eo Amo 2a LOMO | moa tae a 51 
Al fields? |083) 2) |) eS lzon| i ca sere one Sule LOn nme om ame et 310 


* The corresponding numbers for Field I from the 100 provisional exposure-ratio color-determinations 
ATC10,10;- 22) T7seriO, OpelOst7 On seks 


t 2.5 per cent have color-indices greater than +2.00. 
$1.3 per cent have color-indices greater than +2.00. 


A small but probably real increase of mean color with brightness 
is suggested by Table VIII. In Messier 11 the corresponding 
change is very striking,” the average color-index decreasing a whole 
magnitude as the brightness decreases three magnitudes. An 
examination of the individual values for the fields in the galactic 
clouds shows that in Table VIII, for all cases, the average deviation 
of the color-index from the means is large. In other words, stars 
of all colors are included in each interval of magnitude; and, so far 
as color is an index of intrinsic luminosity, this may be accepted as 
an indication of considerable difference in the distances of such 
stars. Herein the galactic clouds apparently differ from the stellar 


* Under bo are included stars with color-indices between —oM4o and —o™20; 
under bs those between —o™20 and oMoo, etc. 


? Mt. Wilson Contr., No. 126, Table VIII and Fig. 3. 
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group comprising the nucleus of Messier 11. There the color- 
phenomenon is reasonably explained, in the light of results for 
globular clusters as well as for moving groups of stars, as the char- 
acteristic of a relatively condensed physical group whose distances 
from the sun are sensibly the same." These cluster-stars are prob- 
ably giants in luminosity, and accordingly the distance of the group 
must be of the order of 15,000 light-years. 


TABLE VIII 


RELATION OF Cotor-INDEX IN GALAcTIC CLoups To PHoTO-vISUAL MAGNITUDE 


; (Mean mag....} 12.08 13.02 13.81 14.14 I4.50 14.80 

Field I... |; Mean color...|/-++ 1.07 |+ 0.91 |+ 0.87 |+ 0.78 |+ 0.59 |+ 0.67 
No. stars. 6 8 Io aie) Io 6 

: Mean mag....| 12.05 13.13 13.82 14.27 14.67 15.01 

Field II...|;Mean color. ..|-+ 0.96 |+ 1.07 |+ 0.63 |4+ 0.75 |+ 0.93 |+ 0.69 
No. stars..... 15 19 21 36 51 15 

; Mean mag....| I1.62 I3.02 13.78 14.15 14.54 14.89 

Field IIT. .|; Mean color...|+ 1.15 |+ 0.62 |+ 0.68 |+ 0.46 |+ 0.61 |+ 0.37 
Nowstars. + 6 8 9 ii 9 9 

: Mean mag....| 12.10 I3.01 13).02 14.14 14.50 14.96 

Field IV. .|{ Mean color. ../+ 0.78 |+ 0.74 |+ 0.64 |+ 0.72 |+ 0.44 |+ 0.66 
Nowstars) 2: 7 8 9 II 8 8 

Mean mag....| II.99 13.07 13097 14.21 14.62 14.94 

All fields. .|{ Mean color. ../-+ 0.98 |+ 0.90 |+ 0.69 |+ 0.70 |+ 0.80 |+ 0.60 
INosstatsanne” 34 43 49 68 78 38 


The wide dispersion in magnitude of both blue and red stars 
indicates a similarly great distance for the neighboring galactic 
clouds. It suggests that the extent of the stellar clouds in the line 
of sight is relatively very great—in fact, the depth may be as great 
as, or greater than, the distance to the nearer boundary. 

Fainter than the fourteenth photo-visual magnitude the average 
color-index in Messier 11 begins to increase (see Fig. 3 of the pre- 
ceding paper). These faint stars might perhaps be considered as 
at the head of the series of dwarf stars in a stellar system that 
includes all the grades of luminosity found among the stars at large; 


t The correction of the cluster-results (if it were rigorously possible) for the stars 
not belonging to the physical group would not affect these conclusions. 
151 


12 HARLOW SHAPLEY 


but a preferable interpretation is that the physical group in Mes- 
sier 11, containing chiefly stars of high luminosity, has but a few 
stars fainter than the fourteenth apparent magnitude. The increas- 
ing redness, then, is due to the increasing predominance of the mem- 
bers of the star-clouds, which we now find are of all color-classes 
with an average index, between the fourteenth and fifteenth mag- 
nitudes, of +o. 70. 


SUMMARY 


1. Magnitudes and colors have been determined for three hun- 
dred stars in four fields in the vicinity of the open galactic cluster 
Messier 11. Twenty-three plates have been used in the discussion, 
and the various errors are satisfactorily small. 

2. As in Messier 11, a wide range of color is present; but the 
change of color with brightness is hardly perceptible. The magni- 
tudes of the blue stars seem to indicate the remoteness of the star- 
clouds and also their great dimensions. Similar results have been 
obtained in a number of other galactic fields,? all pointing to a diame- 
ter of the galactic system considerably greater than generally 
supposed. 

3. The cluster Messier 11 proves to be a physical group in the 
midst of the star-clouds, which on their own part have the general 
appearance and some of the properties of an enormous but definitely 
outlined physical system. There is no certain evidence as yet of 
the existence of dwarf stars, either in Messier 11 or in the galactic 
clouds. 


Mount WILson SOLAR OBSERVATORY 
April 1917 


* Mt. Wilson Communications, No. 44; Proceedings of the National Academy of 
Sciences, 3, 269, 1917. 
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A METHOD OF INVESTIGATING THE STARK EFFECT 
FOR METALS, WITH RESULTS FOR CHROMIUM 


By J. A. ANDERSON 


The object of the present work was to find a method suitable 
for the study of the Stark effect for metals having a relatively 
high melting-point. The spectra of such metals as iron, nickel, 
chromium, vanadium, and titanium are of special importance 
in solar work, and if some of their lines show an effect due to an 
electric field it would at once become possible to determine whether 
electric fields exist in the solar atmosphere. In previous work on 
the Stark effect some of the lines of these metals have been observed, 
but in no case has an electric effect been found for them. Generally 
the source used has been of feeble intensity as compared to an arc 
or spark, necessitating the use of low dispersion, and hence the 
first problem which had to be solved in the present investigation 
was that of getting a source sufficiently bright to be studied with a 
spectrograph of moderate dispersion. 


APPARATUS 


The apparatus shown in Fig. 1 has given general satisfaction; 
most of the lines of the metals enumerated above can be recorded 
in exposures of from 10 to 30 minutes to a scale of about 4 A per 
millimeter, using a spectrograph such as that described in this 
paper. 

A bell-jar, about 15 cm in diameter and about 30 cm high, 
stands on a glass plate in which there are two openings. The 
connection to the pump is sealed into one of these, while a larger 
glass tube, having a platinum electrode at its closed end, is sealed 
into the other. This larger glass tube is about 2.5 cm in outside 
diameter for about one-half its length, then tapers to about 1.5 cm 
in order to form a seat for the ground joint with the long silica 
tube D. D is about 20 cm long and 1.2 cm in outside diameter, 
and carries at its upper end the short silica tube C, to which it is 
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fitted by a ground joint. The cathode is in two parts—B, made of 
iron, and 0, of the metal which is to be studied—and it rests on top 
of the tube D. C has a vertical slot, about 1 mm in width, which 
extends down to the level of the top surface of b, the cathode proper. 
The tube C must be ground truly cylindrical inside and must be of a 
diameter about o.1 mm larger than the cathode 6. The necessity 
for this will be discussed below. 

A fine platinum wire, 33 B. & S. 
gauge, is attached to B by means of 
a screw and carries at its lower end a 
short brass cylinder which makes con- 
tact with the platinum electrode in 
the larger glass tube. A mercury 
contact at this point was tried first, 
but the mercury vapor gave rise to so 
much trouble that it became necessary 
to resort to this form of metallic con- 
tact, which has worked admirably. 

The anode is a massive disk of 
aluminium on the end of an alu- 
minium rod. A thick platinum wire, 
fastened to the rod, is sealed into a 
glass tube, as indicated at the top of 
the diagram. The knob at the top 

Fic. t.—Diagram of apparatus. of the bell-jar has a hole drilled 
ee me ene ae through it; into which the glass tube 
Sitter tube: is fitted by grinding; it is then sealed 

in with water-glass. 

Direct current to produce the discharge is supplied by a set of 
high-potential generators connected in series. Each generator 
gives approximately 800 volts, and for most of the work 
8 generators were used. Two spectrograms were obtained with 
the use of 16 generators, but so much difficulty was experienced 
in keeping the vessel ‘operating satisfactorily at this high voltage 
that it was discontinued until some future time, when it will be 
tried again. A resistance consisting of distilled water with 
platinum electrodes was always used in series with the tube. 
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The resistance varied somewhat, but in general it was kept at 
about 32,000 ohms. 

A high-vacuum oil pump is used to exhaust the bell-jar, the 
pressure employed being such that the Crookes’ dark-space has a 
length of from 4 to 6 mm. At first hydrogen was used as residual 
gas, but later it was found that spectra of the metals are brighter 
in air or oxygen, and hence in the major part of the work com- 
mercial oxygen was employed. The gas was passed through con- 
centrated sulphuric acid to remove most of the moisture, but, since 
no drying tube was connected to the vessel directly, there were 
always traces of water-vapor present. This was found to be a real 
advantage, as it gave the hydrogen lines with an intensity which 
was very suitable for determining the field-strength. 


PHENOMENA OF THE DISCHARGE 


With the use of 8 generators (about 6400 volts), a resistance 
of about 32,000 ohms in series, and pressure adjusted to give a 
dark-space of about 4 mm, the initial current, if one of the metals 
already mentioned is used as a cathode, will be about too milli- 
amperes. With manganese the current is usually a little higher, 
while with magnesium it is about 200 milliamperes, the bell-jar 
acting as if it had practically no resistance. During the first minute 
the current usually decreases rapidly, and in about two minutes it 
becomes steady at approximately 40 milliamperes. In the mean- 
time the cathode } has become almost white hot, its temperature 
being now from 800° to 1000° C. The cathode glow, Crookes’ dark- 
space, and most of the negative glow are confined within the tube C, 
while a soft glow extends with decreasing intensity from the top of 
C up to the anode or even beyond it. On the anode may be a 
single bright point, or there may be nothing whatever visible. 
After the current has run about ten minutes, all of the tube C, except- 
ing a few millimeters near the top, will be red hot, as will also the 
cathode B and the upper end of the tube D. The bell-jar will 
have warmed up considerably, too, and usually the middle portion 
of it will be too hot to be touched by hand, while the upper and 
lower parts will be relatively cool. 
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In order that the heating of the vessel may be equalized as 
much as possible, a hollow cylinder made of sheet brass is placed 
around the cathode. This cylinder, which is about 9 cm in diameter 
and 18 cm long, rests on the base-plate and reaches to within about 
2.5 cm of the anode A. A suitable opening opposite the slot in C 
allows the light to pass out to the spectrograph, while the observer 
can see the cathode by looking obliquely down between A and the 
top of the cylinder. With this arrangement the heating of the bell- 
jar is much more uniform and also considerably slower, so that an 
uninterrupted run of from 30 to 60 minutes becomes possible. 
Since glass expands considerably with a rise in temperature, while 
silica expands very little, it is obvious that the ground joint between 
silica and glass must be located where there is little or no change in 
temperature. Hence this joint is placed well below the base-plate 
and is so arranged that it can easily be surrounded by a water bath 
if necessary. 

If the cathode does not come in contact with the tube C, and if at 
the same time is not separated from it by too large a space, the dis- 
charge takes place only from the upper surface of 6. If the separa- 
tion between 0 and C is too large, the discharge tends to start from B, 
or even from the wire below B, and passing in a thin stream between 
b and C produces intense local heating, which soon causes little arcs 
to form. If, on the other hand, 6 and C are in contact, then, when 
the discharge has passed long enough to heat C to redness, C itself 
begins to act as a cathode, and no result can be obtained. Great 
care is therefore necessary in adjusting the cathode and the tube C 
so there shall be no contact, even after 6 has become white hot. 

The only fault the writer has to find with the present design is 
that after several runs the inner surface of C becomes so thickly 
coated with the metal of the cathode that a contact or short-circuit 
is unavoidable. Thé only remedy is to let in air, remove the bell- 
jar, and clean the tube, which requires only ten minutes of 
actual manipulation, but really involves two or three days’ delay 
in the experimental work, as will be more fully explained in con- 
nection with the results for chromium. 

With several days’ continued use the upper surface of the 
cathode 6 becomes hollowed out into a low, nearly flat-bottomed 
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dish, with a rim from 0.5 to 1mm thick, which is not affected. 
In order to be able to observe the discharge at the surface of the 
cathode from the side, it is of course necessary to remove this 
rim occasionally. In the present work this has been always done 
when the depth of the dish reached about 0.5 mm. 

As is well known, the electric field is by no means uniform in 
the Crookes’ dark-space, but has its greatest intensity at the surface 
of the cathode, decreasing as the distance from the cathode in- 
creases, until it becomes zero at the edge of the negative glow. The 
rate of decrease of the field with the distance from the cathode— 
or, better, the rate of increase with the distance measured from the 
negative glow—is a matter of considerable importance, and it 
might be expected that this rate would be different for different 
apparatus. 

In the ordinary Lo Surdo type of tube, which has a diameter 
of from 1 to 2 mm, Takamine and Yoshida" have found that the 
field-strength varies approximately as the square of the distance 
from the negative glow, so that the components of the hydrogen lines 
become approximately parabolic curves, the vertices being in the 
negative glow. In the present apparatus the field-strength varies 
almost linearly with the distance, as can be seen from Plate XVa 
which shows Hy, the z-components above, the p-components below. 
The components are nearly straight lines. This is a very fortunate 
circumstance, since one can tell at a glance, when examining lines 
of other elements, whether the displacement varies linearly with the 
field-strength or not, merely by seeing whether the components are 
straight lines or curves. 


THE SPECTROGRAPH 


This is a plane-grating, two-lens type, with the entire mounting 
constructed of wood in order that changes might easily be made 
should experience show that the original design could be improved. 

The collimator lens is a Voigtlander portrait objective of 38 cm 
focus and rocm aperture; the camera lens is a Cooke astrographic 
of F/4.5 aperture and 45 cm focus. The grating is a 4-inch 
Rowland, with 14,438 lines per inch, having a rather bright third 

t Memoirs of the College of Science (Kyoto Imperial University), 11, No. 2, 


pp. 137-146, 1917. 
157 


6 J. A. ANDERSON 


order. It is mounted in such a manner that its normal always 
makes an angle of 70° with the axis of the camera lens. The colli- 
mator is fixed in the wooden housing of the spectrograph, in order 
that the discharge vessel and projection system may remain in a 
fixed position. The camera and grating can rotate through an 
angle of about 30° around a vertical axis through the center of the 
grating surface, thus bringing the different portions of the spectrum 
on the photographic plate. 

As set up, the third order can be covered from about d 3000 
to X 5000, and the second order from \ 4500 to 7500. By giving 
the collimator another fixed position, of course it would be possible 
to observe all of the first order or all of the fourth order instead of 
the regions chosen. An advantage of this form of mounting is 
that the dispersion at any given point of the photographic plate 
is always the same, no matter what region of the spectrum happens 
to fallthere. Hence, the dispersion for all points of the plate having 
been determined, either by a photograph of a known spectrum or by 
calculation, a scale in angstrom units may be ruled which will fit 
all plates closely enough for purposes of identification. 

The plates used measure about 6X10 cm, and the plate-holder 
is movable in a vertical direction, so as to allow several exposures 
on the same plate. In the third order about 400 A are covered with 
one exposure, the dispersion varying from about 5.2A per mm 
at the violet end to about 3.0A per mm at the red end. In the 
second order the dispersion is, of course, just two-thirds of that in 
the third order. 

With short exposures pairs of lines having a separation of 
o.rA can as a rule be resolved. With the longer exposures, 
which are subject to disturbances from temperature-changes 
and vibration, the practical limit of resolution is about 0.15-0.20 A. 
The accuracy of wave-length determinations has been found to be 
easily of the order of 0.01 A. 

An image of the slot in C, Fig. 1, is projected with a magnifica- 
tion of one-third on the slit by using two achromatic lenses, each of 
20 cm focus and 5 cm diameter. Before falling on the projecting 
lenses the light passes through a double-image prism, so that two 
images, one immediately above the other, appear on the slit, the 
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vibrations in the upper image being vertical, or parallel to the slot, 
in the silica tube C. 

An exposure usually requires from 20 to 30 minutes, but the 
vessel has then become soy hot that from one to one and a half 
hours are required to cool it before another exposure can be made. 
(Of course in future work this waste of time will be eliminated by 
the construction of a vessel which can be cooled artificially, thus 
making it possible to operate without stopping.) 

About one hundred photographs have been taken up to the 
present time, nearly one-half of which were made with hydrogen 
as residual gas. These include spectra of iron, chromium, nickel, 
vanadium, and calcium. Only chromium has been at all carefully 
studied, however, and the present paper will be limited to a pre- 
liminary report on those lines in the spectrum of chromium which 
show an electric decomposition. 


RESULTS FOR CHROMIUM 


The chromium spectrum has been photographed from \ 3670 
to \ 5410. In the earlier spectrograms very little of interest from 
the viewpoint of a Stark effect was observed; the normal arc 
lines were always present, but of the sensitive lines only faint 
traces of the groups at AA 4008, 4111, and 4129 could be seen. 
These showed, however, a suspicion of an electric effect, and hence 
for some days this region was photographed repeatedly in the 
hope of bringing out the effect more clearly. One spectrogram 
happened to show these groups with an intensity something like 
one hundred times as great as the others, without, however, any 
marked increase in intensity of the normal arc lines such as A 4254. 
Viewed with a small direct-vision pocket spectroscope, the triplet 
near \ 5200 is always quite intense, but, when the spectrogram 
just mentioned, No. 55, was made, it was noted that three lines on 
the red side of the green triplet had an unusually high intensity. 
These ‘‘lines”’ were later found to be the groups at AA 5276, 5208, 
and 5329, and their appearance was always used to indicate the 
character of the discharge. 

Considerable difficulty was encountered in obtaining another 
spectrogram like No. 55. The record showed that in making this 
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exposure the current was 30 milliamperes; the length of the dark- 
space, 5 mm; the voltage, approximately 6000; the exposure time, 
20 minutes; and the residual gas, air. These conditions were 
exactly reproduced time after time, and still only mere traces of the 
sensitive lines were obtained. In these trials the apparatus was as a 
rule taken down and thoroughly cleaned between exposures. Since 
this did not lead anywhere, a number of successive runs were 
made without taking down the apparatus and without letting in any 
more gas than just necessary to keep the experimental conditions 
correct. Then it was found that the sensitive condition as a rule 
developed quite suddenly after about half a dozen successive runs, 
and, once formed, seemed to persist in successive exposures, until 
it became necessary to clean the apparatus as a result of a contact 
between the cathode and the metal deposited in the tube C. 

Just what this sensitive condition of the cathode is, the writer 
is not prepared to say; it can be destroyed by letting in air to a 
pressure of about 1 cm of mercury or more, it seems to form equally 
well in air and in commercial oxygen, and a small amount of hydro- 
gen or water-vapor does not seem to prevent it; whether it will 
form in pure hydrogen is not definitely known, but indications 
are that it will. An exactly analogous condition has been found 
for iron and nickel, and it would not be surprising if it should turn 
out to be quite general. 

No doubt it is analogous to the condition of the cathode, which 
is familiar to those who have had experience with the cathode 
sputtering of such metals as aluminium, chromium, or even nickel. 
The discharge may be run for a considerable time without any 
deposition to speak of taking place. Then suddenly the metal 
begins to come down, and in a short time a good coating is produced. 
In the present work it has been observed that the deposition on the 
inner walls of the tube C is much more rapid when the sensitive 
condition exists than without it; also that the upper surface of the 
cathode is hollowed out quite rapidly under the same circumstances. 
The appearance of the dark-space and of the cathode itself is also 
very different. Without the sensitive condition and with a current 
of, say, 30 milliamperes, the cathode, as seen from above, is of a 
purplish-red color, and the dark-space is really very dark, while, 
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with the sensitive condition, the cathode appears greenish-white 
and the dark-space is bright green and really more luminous, at 
least near the cathode, than the negative glow. 

The lines given in the table were all recorded when the cathode 
was in the sensitive condition, and no doubt many more could 
have been recorded with longer exposures; those actually used 
ranged from a few minutes in the ultra-violet up to about 4o 
minutes in the region \ 4800-A 5100. Most of the lines are not 
to be found in published tables for chromium, hence the question 
naturally arises: Are they really chromium lines or are they due 
to some impurity? The writer believes them to be due to chro- 
mium, for the following reasons: 

1. The stronger lines, such as the groups at AA 4008, 4111, 4120, 
5276, 5298, and 5329, appear regularly as hazy lines in the chromium 
arc in air and as groups of fine lines in the vacuum arc and vacuum 
furnace. 

2. The weaker lines recorded in the table always appear when 
the stronger lines are present with sufficient intensity, and do not 
appear when the latter are weak or absent. 

3. None of these lines has been observed when any other metal 
was used as a cathode, although otherwise the conditions were 
the same. 

This does not exclude the possibility that the lines may be due 
to some compound of chromium and nitrogen or oxygen; if this be 
so, then, since all come and go together, it follows that the strong 
lines \ 4129 and \ 5329, which appear regularly in the ordinary 
arc, as well as a number of other lines, such as \ 4475.50, which 
show with great intensity on these spectrograms, must also be due 
to the same compound. Now, the lines of which A 4475.50 is an 
example all appear in the chromium arc as regular, though rather 
weak, lines; in the present investigation they appear unduly 
strengthened, but they show no electric decomposition. 

The spectrum given by the arrangement used is somewhat 
different from the arc, spark, or furnace spectrum of chromium. A 
number of arc lines do not appear at all or appear with a relatively 
very small intensity; others, again, seem to appear with about the 
intensity to be expected; while still others are stronger than might 
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TABLE I 


AFFECTED CHROMIUM LINES 


———————————————————————————————— EEE 


3719. 
3720. 
3722. 
3730. 
3731. 
3735- 
3744. 
3747. 
375°. 
3862. 
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4097. 
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* Other weak n-components are present. 
} This n-component is peculiar, as the displacement is constant throughout the entire dark-space. 
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TABLE I (Continued) 


42106. 
4300. 
4353. 
4389. 
4422. 
4423. 
4423. 
4453. 
4472. 
4490. 
4494. 
4649. 
4900. 
4948. 
4983. 
4984. 


5005. 


5027. 
5028. 
5°55. 
5050. 
5275- 
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5329. 
5329. 
$330. 


HNwWnWNnW 


h 


Nv 


HHNHWNHN 


iS} 


He 


p-COMPONENT 


nm-COMPONENT 


Re 
+0.53 


Rate of Dis- 


AA Int. 
placement 


SOeTRe | ereccnereete = 
SOc 70 Hea ike on + 
Oe SO uiiicn cawurns = 
OETA Re cisccstee ? 

Complexe a ns | ee eee 

Complex |e. coer. | en oe 

Complexe ia- cee sorters aie 
r- One Oi me | Sct eae 
S-OsOb a ne aes 
=— OO SDN Va, 8 ae 
= Oy MeN ie oc 
—F-Onl Og cet es 
Ora Oml A ckenierer ts 
= ORS Ae th a) 
F- Oma eel ccs oaths 
= O2S0".| 8a. ere, 


SS eS eS 


ate 
° 
i 
+e tt de ut 


Complex 
Complex|| 
Complex 


Rate of Dis- 
placement 


Bjeseyeye je: 66/0! gilie ese 0) isle 0 6 [ies vee. ee e186 


© b.0. 9.9: eulehe. wi isi| e's (ss 1s, wre 2 oi) oreo tes 6 ene 


t There is also an m-component to the red. 
§ This p-component is peculiar, as it seems to run without displacement from the negative glow 


about half-way through the dark-space, where it stops, 


the red side which continues without further displacement to the surface of the cathode. 
similar nature have been observed in the m-components of AA 4097.80, 4111.82, and 4128.34, and the 


p-component of A 4129.36. 


|| There is also a -component to the violet. 
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Some of these may show in the reproductions. 


but a line appears at this point immediately on 
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be expected, the group including \ 4475.50 and the stronger lines 
given in the table being merely those which are strengthened most. 
A careful study of the general spectrum given with the present 
arrangement is of course in order, but until a considerable number 
of elements have been studied in this way, so that conclusions of 
general validity can be drawn, it would not add materially to our 
knowledge, and hence a discussion of those lines of chromium which 
do not show any electric decomposition will not be undertaken in 
the present communication. 

In the table the first column gives the wave-lengths as deter- 
mined from the photographs, using as standards the unaffected 
chromium lines which appear with what is considered normal 
intensity; the second column gives the relative intensities on a 
scale of 1-10; the third column contains the displacements of the 
p-components reduced to a field-strength of 12,000 volts per 
centimeter; the fourth column, the intensity of the components in 
the stronger part of the field; while the fifth column indicates how 
the displacement varies with the field-strength: a plus sign (+) 
signifies that the displacement is proportional to a higher power 
of the field-strength than the first; an equality sign (=), that it 
is roughly as the first power; while a minus sign (—) indicates that 
it varies slower than the first power of the electric intensity. Ina 
few cases where the displacement is very small, or the displaced 
component happens to overlap a neighboring nitrogen band-line, 
making measurement difficult, a question mark is placed in this 
column. The sixth, seventh, and eighth columns give similar 
data for the m-components. 

Plate X Vc shows the groups at AA 4008, 4111, and 4129; XVa, the 
groups at AA 5005, 5027, and 5055, while the groups AA 5276, 5208, 
and 5329 are given in XVd. The u-components are above, the 
p-components below, in all cases. A drawing made from the 
results of the measures of the groups reproduced in c and d appears 
in the lower half of the plate. 

It will be noticed that to the violet of \ 3900 are seven lines 
showing -components only—in other words, lines which are 
apparently plane-polarized in the electric field. They are all weak 
lines, and hence it is possible that, if the 2-components belonging 
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STARK EFFECT 


In each illustration the 7-components are above, the p-components below 


a, Hy; 6, Chromium groups AX 5005, 5027, 5055; 
c, Chromium groups at AA 4008, 4111, 4120; 
d, Chromium groups at AA 5276, 5298, 53203 
c’, d’, drawings representing groups in ¢ and d, 
A-B being the negative glow (field-strength=o), 
C the surface of the cathode (field-strength= 12,000 volts per cm) 
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to them are complex, they might fail to be registered on account 
of their very low intensity; and indeed the stronger lines in this 
region appear to have complex mz-components. There are, 
however, several clear cases of lines with only one kind of 
component—for example, \X 4097.80 and 4110.75—which have 
only p-components, and Ad 4096.94, 4097.41, 4008.11, 4111.02, 
4111.82, and 4112.18, which have only z-components. 

The lines AA 4098.11 and 4111.02 are especially interesting; 
referring to Plate XV we notice that the p-component of \ 4098.11 
can be traced for only a very small fraction of the distance through 
the dark-space, while \ 4111.01 can be traced faintly nearly all the 
way across to the surface of the cathode, although it is clear that 
the intensity diminishes progressively as we pass down through the 
dark-space. This shows that in a very weak field both these lines 
are almost completely unpolarized; as the field increases, they 
gradually become plane-polarized, \ 4098.11 reaching complete 
polarization in a much weaker field than \ 4111.02. 

A few of the lines belonging to the strong groups near \ 4100 and 
X 5300 appear in the solar spectrum, and A 5297.50 and A 5329.34 
seem well suited for an investigation of possible electric fields in the 
solar atmosphere. 


SUMMARY 


tr. An apparatus suitable for investigating the Stark effect 
for metals having a relatively high melting-point is described. 

2. With this apparatus the relation between field-intensity and 
distance from the negative glow is approximately linear. 

3. The condition of the cathode is of vital importance. 

4. A preliminary survey of the spectrum of chromium from 
X 3670 to A 5410 has been completed and a total of 74 affected 
lines recorded. 


Mount Witson SoLraR OBSERVATORY 
May 19017 
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Contributions from the Mount Wilson Solar Observatory, No. 135 
Reprinted from the Astrophysical Journal, Vol. XLVI, pp. 117-137, 1917 


A DETERMINATION OF THE GALACTIC CONDENSA- 
TION FROM CERTAIN ZONES OF THE 
ASTROGRAPHIC CATALOGUE 


By FREDERICK H. SEARES 


In a series of articles recently appearing in the Monthly Notices 
Professor Turner has brought together much valuable material 
relating to the numbers of stars observed on the photographs for 
several zones of the Astrographic Catalogue. It was his purpose to 
show that important conclusions may be derived simply by count- 
ing the stars within each interval of brightness, even when the scale 
of luminosity is arbitrary. The result of such counts he has dis- 
cussed mainly from the standpoint of systematic variations in the 
distribution of the stars with respect to the Galaxy; but they are 
perhaps equally important for a determination of the galactic con- 
densation itself, which at present is affected with much uncertainty 
because of the widely divergent values found by different investi- 
gators. 

Kapteyn’s discussion in 1908? of all the material then available 
led to the conclusion that the concentration toward the Galaxy, 
which is an easily demonstrated characteristic of the brighter stars, 
becomes more and more pronounced as increasingly fainter objects 
are considered. According to his figures the galactic condensation,3 
which for stars of the ninth magnitude is 2.8, rises to 5.7 at the 
twelfth magnitude; at the fourteenth magnitude its value is 11.5 
and at the sixteenth, 27.7. Counts to the limiting magnitude of 
photographs of 88 Selected Areas made at Mount Wilson with the 

x “A Proposal for the Comparison of the Stellar Magnitude Scales of the Different 
Observatories Taking Part in the Astrographic Catalogue,” Monthly Notices, 69, 392, 
1909; 72, 464, 700, 1912; 75, 57, 143, 465, 601, 1914-1915; 76, 2, 149, 1915; 77) 35, 
1916. An article by Pocock in the same journal, 77, 432, 1917, relates to the same 
question. 


2 Groningen Publications, No. 18. 
3 Ratio of number of stars per unit area at 5° galactic latitude to number at 80°. 
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60-inch reflector confirm substantially the relatively large value for 
the faint stars.’ 

The recent investigation by Chapman and Melotte,? on the 
other hand, shows nothing of the rapid increase in the ratio which 
is so noticeable a feature of Kapteyn’s results. From the fifth to 
the ninth magnitude Chapman and Melotte are in agreement with 
Kapteyn, but at the sixteenth magnitude their value for the con- 
densation is only 4.2, which is not greatly in excess of that for the 
brighter stars. 

The data collected by Professor Turner contribute directly to 
the question of this unexplained divergence. In his earlier papers 
he failed to find any evidence of relatively large numbers of faint 
stars in the Galaxy, but later the phenomenon was brought to 
light, and values of the coefficient of condensation were found which 
are of the same order as that shown by Kapteyn’s tables.4 The 
matter merits a closer examination, however, for, as will appear 
later, the Astrographic data afford a striking confirmation of 
Kapteyn’s results as far as the limiting magnitude of the Catalogue, 
which is about 12.5 on the scale of Groningen Publications, No. 18. 

The numerical data upon which the present discussion is based 
are given in the upper part of Table I as logarithms of the stellar 
density NV,,,—that is, of the total number of stars per square degree 
to the limiting magnitude m. The limits adopted for Table I are 
provisionally designated by A, B, C, and D. They are different 
for the different zones, and later are found to have the values given 
in the last line of the table. The declination of each zone appears 
at the head of the table; the hours of right ascension are at the 
left, while the galactic latitudes corresponding to the middle of each 
hour are alongside the logarithms of the densities. The quantities 
below the horizontal line will be explained later. 

Comparison with the original tables in the Monthly Notices shows 
that the derivation of the quantities in Table I under the headings 
A, B, etc., has usually required the formation of the cumulative sums 

* Mt. Wilson Communications, No. 43; Proceedings of the National Academy of 
Sciences, 3, 217, 1017. 

* Memoirs of the Royal Astronomical Society, 60, 145, 1914. 

3 Monthly Notices, 75, 607, 608, 1915. 

4 Groningen Publications, No. 18, p. 54, 1908. 
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of the numbers of stars for various intervals of brightness within 
each hour of right ascension. Further, it has been necessary to 
reduce the results to the square degree as the unit of area. For this 
purpose the area of an Astrographic plate has been assumed to be 
4 degrees. The actual value is 169/144 times this amount," but, 
as much work had been done before the precise value was dis- 
covered, the approximate area was used throughout. The conclu- 
sions concerning the galactic condensation are in nowise affected, 
and, moreover, the totals for the faintest limit in each zone, assum- 
ing them to refer to an area of exactly 1 square degree, are probably 
more nearly correct as they stand, because of the loss of faint stars 
near the corners of the plates. 

The mass of material involved is considerable, the real amount 
being concealed under the summarized form in which it is presented; 
it represents the results of observations extending over several 
years at each of nine different observatories. The total area of the 
zones is nearly 6500 square degrees (that for the Vatican extends 
from 59 to 65°; the others are 2° wide), or approximately a sixth 
of the entire sky. The number of stars per zone of course varies 
with the declination, but ranges from about 30,000 to 80,000 or 
90,000; the total is little short of 600,000, although some allowance 
must be made for the overlap of plates. 

The following paragraphs include such details as are necessary 
for the derivation of the data in Table I from the tabulated counts 
in the Monthly Notices. 

Vatican.—Mean counts for zones +64°, +62°, +60°; M.N., 
75, 602, 1915. The original unit is one-tenth of a star per plate 
of 4 square degrees. Cumulative totals were formed for limiting 
scale-readings 30 and o (A and B in Table I). To reduce to den- 
sities (number of stars per square degree), 1.60 must be subtracted 
from the totals for each hour. Thus, for o® the totais are 441 and 
9568; their logarithms are 2.64 and 3.98, and the corresponding 
densities, 1.04 and 2.38, respectively; these appear under the 
headings A and B in the Vatican section of Table I. 

Oxford.—Zone +28°; M.N., 75, 406, 1915. The original tabu- 
lar values for o8, 12, and 2" are the numbers of stars on 7, 7, and 
6 plates, with a repetition of this sequence for the remaining groups 

t Monthly Notices, 72, 466, 1912; 75, 603, 1915. 
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of three hours. Cumulative totals were formed for limiting scale- 
readings 30, 12, and 3 (A, B, and C in Table I), the last also includ- 
ing the values marked “Not measured.” The logarithms of the 
totals were reduced to uniformity by adding log (7/6) =0.07 to the 
results for 2", 5", etc. The constant to be subtracted to reduce 
the densities is log (4X7)=1.45. The results for the other Oxford 
zones included in the discussion in M.N., 75, 468, cannot be used 
here, inasmuch as the counts have not been given. 

Bordeaux.—Zone +17°; M.N., 72, 465, 1912. The original 
numbers are for each half-magnitude interval of the Bordeaux 
scale. The total number of plates is 180, an average of 7°5 per 
hour; the actual number is probably 7 and 8 per hour, alternately. 
There is no statement as to whether the results for the various 
hours have been reduced to the mean area of 7°5, but, since the 
correction to the logarithms is only 0.03, alternately positive and 
negative, the uncertainty is of no consequence and the data can 
be used as they stand. Cumulative totals were formed for the 
limits 8.5, 10.0, and 12.0 (A, B, and Cin Table I). The constant 
to be subtracted from the logarithms to reduce to densities is 
log (4X7.5)=1.48. 

Toulouse—Zone +9°; M.N.,76,150,1915. The original values 
are cumulative totals. The limits here adopted are 9.5, 11.0, and 
12.3 of the Toulouse scale (A, B, and Cin TableI). The totals for 
13.3 are not used because of incompleteness. The total number of 
photographs is 180; the remarks concerning the distribution of the 
Bordeaux plates also apply here, and the constant is again 1.48. 

Algiers—Zone.—1°; M.N., 72, 700, 1912. In the original 
tabulation the declination is erroneously given as +1° (M.N., 76, 
155). Cumulative totals were formed for the limits 10.0 and 
12.0, inclusive, of the Algiers scale (A and B in Table I). The 
total number of plates is 180, in groups of 7 and 8, alternately, for 
the successive hours of right ascension. From the remark under 
(b) M.N., 72, 702, 1912, it is inferred that the tabulated counts on 
page 700 have not been referred to the mean area of 7.5 square 
degrees per hour. To reduce to densities, 1.45 and 1.51 were 
therefore subtracted alternately from the logarithms of the cumu- 
lative totals for the successive hours. 
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Hyderabad.—Zone —17°; M.N., 77, 434, 1917. The original 
tabulation by Pocock gives cumulative totals. Those for M0, 
N.», and Ng (A, B, and C in Table I) were adopted. The number 
of plates is alternately 8 and 7 for the successive hours; but the 
published totals are for a Constant area of 40 square degrees. To 
reduce to densities, 1.60 has been subtracted from the logarithms. 

Perth—Zone —32°; M.N., 75, 144, 1915. Cumulative totals 
have been formed for the limits D, G, and M, inclusive, of the 
Perth scale (A, B, and C in Table I). The number of plates is 
alternately 6 and 7, but the tabular values refer to an area of 40 
square degrees and the constant is 1.60. 

Cape.—Zone —41°; M.N., 75, 59, 1914. Cumulative totals 
have been formed for the limits 149, 79, —3, and —5, inclusive, of 
the Cape scale (A, B, C, and Din Table I). The number of plates 
is 6 per hour, with a total area of 24 square degrees. To reduce to 
densities, 1.38 has been subtracted from the logarithms of the totals. 

Cape.—Zone —42°; M.N., 76, 3, 1915. Cumulative totals for 
“Measured” and “‘All”’ stars are given in the original tabulation. 
Their logarithms, minus the constant 1.38, appear in Table I under 
the headings A and B. The remaining Cape zones discussed in 
M.N., '76, 151, cannot be used for the present purpose. 

Melbourne—Zone —65°; M.N., 77, 39, 1916. The original 
tabulation gives cumulative totals. Those adopted are for the 
limits 15 and “‘All”’ (A and B in Table I). The number of plates 
is 3 per hour, except for hours 1, 4, 7, etc., where the number is 4. 
The constants for reduction to densities are, respectively, 1.08 
and 1.20. 

The reliability of the data collected in Table I depends mainly 
upon two things: first, the constancy of the limiting magnitude for 
the photographs of any given zone; second, the consistency of the 
scale of luminosity in which the results for the brightness are 
expressed. Thus given designations of brightness—for example, 
scale-readings 30 and 0 for the Vatican zone, which are the limiting 
values used here—must represent the same degree of brightness 
wherever they occur in that zone; otherwise the only method which 
can now be applied to these data for the investigation of the dis- 
tribution of the stars with respect to the Galaxy will not give 
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dependable results. We have not at present the information 
necessary for the reduction of the brightness, referred usually to a 
more or less arbitrary scale, to an absolute scale of magnitudes. 
Consequently it is vital that the adopted limits should always mean 
the same thing within any given zone, and that the enumeration 
of the stars to that limit should be complete. 

It is too much to suppose that the conditions thus implied have 
been rigorously satisfied. Constancy of exposure-time for all the 
photographs of a zone is of course presupposed, although occasional 
variations are known to have occurred. But, even with equality 
in the exposures, absolute uniformity in the limiting magnitude is 
not to be expected; more or less systematic fluctuations with the 
seasons are almost certain to occur. The sky is more transparent 
at one time of year than another, and, even when transparent, the 
atmosphere, during the winter months, is less tranquil, with a 
resulting diffuseness of definition in the photographic images that 
leads to errors of measurement. Seasonal differences in tempera- 
ture and humidity modify both the sensitiveness and the gradation 
of the photographic plate, which in turn affect both the limiting 
magnitude and the consistency of the scale. 

It is impossible to specify in advance the extent to which these 
and other disturbing factors have influenced the data with which 
we are concerned. ‘Two or three circumstances affecting the com- 
pleteness of the counts may be mentioned, however: As a rule, 
photographs for the Oxford zones were rejected unless the number 
of stars showing two images was at least three times the number 
recorded by Argelander, but this practice was not followed in the 
Milky Way. Only three of the plates for the zone at +28° fall 
below this limit, however.t Again, the scale of brightness for the 
Melbourne zone exhibits a peculiarity caused by the use of different 
machines for the measurement of the images.? A considerable 
inconsistency affects the results, but apparently only those for the 
brighter stars. The difficulty has largely been avoided by choosing 
scale-reading 15, which is beyond the point where the large irregu- 
larity begins, as the first limit for the data in Table I. Finally, in 


* Astrographic Catalogue, Oxford Section, Vol. 4, p. ix, 1908. 
2 Monthly Notices, 77, 36, 1916. 
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the case of the Hyderabad zone, there were large differences in the 
exposure-times and considerable variations in the sensitiveness of 
the plates;t but apparently an attempt was made to adjust these 
two factors in such a way as to approximate a constant limiting 
magnitude. The results at least seem to be as consistent as those 
of some of the other zones. 

We shall later find evidence of irregularities in all of the zones, 
but for the present we assume that these exercise upon each other 
a compensation which reduces to a minimum their influence upon 
the calculated mean distribution of the stars with respect to the 
Galaxy. 

For the derivation of the mean distribution from the values in 
Table I we first eliminate as completely as possible the systematic 
irregularities, whether observational or real in origin, as well as 
the accidental errors that may have affected the counts. This is 
accomplished by plotting the numbers in each column with their 
corresponding galactic latitudes as abscissae. From the smooth 
curves thus obtained are derived the ordinates for equidistant inter- 
vals of galactic latitude which appear below the horizontal line in 
the lower portion of Table I. 

The dispersion of the plotted points with respect to the curves, 
especially when their sequence in right ascension is borne in mind, 
reveals at once the more conspicuous irregularities. ‘Thus the Vati- 
can results are closely accordant; we find nearly the same value of 
the density corresponding to a given galactic latitude, irrespective 
of the right ascension in which the region is located. The same is 
true of the Cape zone at —41°, and to a less degree of the C group 
for Toulouse. On the other hand, the A group in the Toulouse zone 
and the results for Oxford, Bordeaux, and Algiers show large varia- 
tions of density with right ascension, which obviously are not 
directly a function of the galactic latitude. The densities for 
Melbourne are relatively free from systematic irregularity, but their 
accidental deviations seem rather large. 

Later, when it has become possible to refer the data to an abso- 
lute scale of magnitudes, we shall be able to distinguish in advance 
many of the irregularities that are observational in origin from those 


t [bid., 77, 433, 1917. 
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which represent real variations in the stellar distribution; and we 
shall then bein a better position to derive results for the mean distri- 
bution. At present we can only assume that the counts for regions 
in right ascensions differing by twelve hours have been systematic- 
ally influenced in opposite directions by equal amounts. This at 
least is a plausible supposition so far as any seasonal effect is 


Fic. r.—Stellar density and galactic latitude. Stars of Group A, Vatican zone, 
+62° (upper curve), and of Group A, Algiers zone, —1°. Note in lower curve the 
systematic deviations depending on right ascension. 


concerned. It is on this basis that the curves have been drawn 
for those zones which show large variations with right ascension. 
By way of illustration, two of the curves, those for the A groups 
of the Vatican and Algiers zones, are reproduced in Fig. 1. The 
broken line connects the points for adjacent hours of right ascension. 
For the Vatican curve there are no conspicuous irregularities, but 
for the Algiers results a different state of affairs exists. Note, for 
example, the systematic deviation in the plotted densities for 5, 6, 
and 7 hours from those of 17, 18, and 19 hours, yet the adopted 
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curve probably represents, for the zone, the mean variation of 
density with latitude with a tolerable degree of precision. The 
mean densities in the lower part of Table I should therefore be com- 
paratively free from systematic irregularities which depend upon 
the right ascension. 

The material has now to be combined into a final result. It may 
be remarked parenthetically that the mean data for each zone give 
directly a clear indication of the relatively high galactic condensa- 
tion for the faint stars. In every case but one the difference 
between the values of log V,, standing in adjacent columns opposite 
o° is larger than it is for the higher galactic latitudes in the last lines 
of Table I; in other words, with decreasing brightness the densities 
increase faster in the Galaxy than they do near the poles of the 
Milky Way. 

The limits of brightness designated by A, B, C, and D were 
arbitrarily chosen, and thus far their precise relative values have 
not been determined; but for a combination of the data they must 
be referred to a numerical scale. We may use either that of Chap- 
man and Melotte or that adopted by Kapteyn in Groningen Pub- 
lications, No. 18. The latter has been chosen, since one of the 
purposes of the discussion is a detailed comparison of the results 
from the Astrographic material with the distribution tables of 
Kapteyn. 

The transformation of the limits A, B, etc., into magnitudes 
depends upon the assumption that, for a given galactic latitude, 
equal mean densities correspond to the same limiting magnitude, 
whatever the position of the regions involved. Experience has 
proved that this supposition is reliable to a high degree, provided 
the areas compared are not too small; in the present case they are 
more than ample. With the mean densities (more precisely, the 
means of the logarithms of the densities) in the lower part of 
Table I as argument, we have only to interpolate from Kapteyn’s 
tables,! for the proper latitude, the corresponding value of the mag- 
nitude. The results of this operation appear in the last line of 
Table I, which contains the mean of the limiting magnitudes thus 
derived from each of the densities standing immediately above. 

Groningen Publications, No. 18, p. 54, 1908. - 
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In case the observed changes in density with latitude for any 
limit of brightness—for example, limit A of the Vatican data—were 
the same as that indicated by Kapteyn’s tables, the result of the 
interpolation would naturally be the same for all the latitudes. 
The agreement of the individual values of the interpolated magni- 
tudes is shown by Table II. This gives the deviation (individual 
minus mean), in tenths of a magnitude, from the mean limits at 


TABLE II 


DEVIATIONS FROM MEAN LimiTING MAGNITUDE 
(Unit =o0.1 mag.) 


I +62° cicetehs see Yh =o" = 
Gal. Lat. 
9.4 | 12.0] 9.2 | 11.4] 12.5] 9.7 | 11.2] 12.0] 9.6 | 10.6| 12.6 |10.5 | 11.7 
CMe sn rcr RaroD ems o |—2 |—2 |—3 |—3 |—1 |—1 |—2 |+4 [41 |4+1 1-3 |-—2 
WOU aoe ee enooem eae +i |—1 |—2z |—2 |=3 ° ° fo) mee eae aeae |laay jas 
DOs ahaa eee o |-+1 ° o }—ir jJtr itr i/+r jtr jtr j+r1 {+1 |+2 
IB OW arent Wane ouseal seve o |+1 |-+1 ° ° o |+1 fo) fo) o |-+1 |+1 |+2 
AOWE ciara eee —I o |+1 |/+1 oO [=r oO |—I |—T o |+1 o |+1 
B Ola indeie lee See —r j—z |[+r |+1 |+1 |—1 ON ta nea ae ° 
OOM Maree aie —1 j—z |+r1 {+1 |41 |....]....]....]—2 |-—2 |—2 o |+1 
7 Orchester ata Seer ell Meese haters Sella eh en EO Iode roman eta ellicnco.c 


the head of the table which have now replaced the provisional 
designations A, B, etc. Though generally systematic, the residuals 
‘are remarkably small and show at a glance that the galactic con- 
-densation from the Astrographic data is substantially that found 
iby Kapteyn; the excess of negative signs for o° denotes a slightly 
ibrighter limit for this zone than the average, and consequently a 
small excess of density in the Galaxy for Kapteyn’s results as com- 
pared with those from the Astrographic counts. 
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We are not concerned with these differences for the moment, 
however; the further combination of the results depends only on 
the mean limiting magnitude of each zone as a whole. Since these 
quantities are now referred to the same scale of brightness, the 
densities to which they correspond are directly comparable and 
may be united for a further elimination of the errors. Here again 
a graphical method is convenient. The entire series of mean 
densities in the lower part of Table I is plotted with the correspond- 
ing limiting magnitudes as abscissae. The smooth curve for the 
points of any given latitude represents the finally adopted variation 
of density with magnitude for that latitude. The ordinates of 
these curves have been collected in Table III, which for a limited 


TABLE III 


Loc Nm, NUMBER OF STARS PER SQUARE DEGREE BRIGHTER THAN m 
FOR DIFFERENT GALACTIC LATITUDES 


Mag. °° 10° 20° 30° 40° 50° 60° 70° 80° 
SITS 8 voucieig pia dawapch ate O250 | OL45¢) 0632 | 0224) | O51S | Ont4s | Ont 25) (O.rre|l Oro 
GuOn at enter O27 5 Or 70m On 50) O2AO nl Ens" O234l LOLS Tt alwOra Talons O: 
Onset eee HOF PO. OONIOO2 nO 17 Onl eOr Olu Roms sul EOn5 2 ml On Sia Ons O 
TOMO sean eee reo ek 20 Here OOM OO4e On SulmOn 7m | FOm7smitOn 72 mlmOm 7/2 
EO ag ewrsip ee ctile, Sie E52} Leda oe 20 Merl On| et. O4n|MOnOS |hOn03 aN OnO2slmOnO2 
EE Ope chose vee shel EAS || AE AOW pe || munch || Sancho, trey lt iene) | eth |) Seika |) TE ier 
Bee Sete ane eee On|) te OOnm la 5 Ile t=OOn (Mie 77a ia Oulleiar cael melas = | arln20) 
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Ta Tel ot sie ery a BeAG | 22302210 Ne22Os sR OONeneOlslers Aa eraOOmmiIcO3 


range in magnitude is the equivalent of Kapteyn’s table of 
densities. The differences between the two tables, in units of the 
second place of decimals, are given in Table IV. The slightly 
smaller densities for latitude o° resulting from the Astrographic 
material are indicated by the persistent negative sign in the second 
column of Table IV. 

A reference to the first series of curves, whose ordinates are 
summarized. in the lower part of Table I, shows that most, if not 
all, of the systematic differences in Table IV are within the uncer- 
tainty of the reduction, and that the curves could be redrawn, with- 
out doing any violence to the original data, in such a manner as 
to remove almost entirely the systematic effect. We may there- 
fore regard the results from the Astrographic Catalogue as affording 
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a practically complete confirmation of Kapteyn’s values of the 
galactic condensation for the interval of four magnitudes between 
8.5 and 12.5. 

TABLE IV 


COMPARISON WITH THE DENSITY TABLE OF KAPTEYN 
(Table III minus Kapteyn, Unit 0.01) 


Mag °° 10° 20° 30° 40° 50° 60° 70° 80° 
8.5 —3 ° ° +2 +2 +1 +1 +1 ° 
QO aerenc rae eter 3 ° fo) aul ° 2 =%, —1I 2 
OB ar Apaerree Rioe Sit +1 ane +2 ° —3 —=—3 —3 —T 
10.0 Osta are ae ° —2 —3 —2 —1 
LO AG See each renehvente —I +1 +4 +3 ° —2 —4 —2 +1 
ET Ones jone ais acetone = ° +4 qa =H 2 —3 —2 —I 
1 65 —3 —I +4 | +4 +1 —I —I ° ar 
ROO PAP AER One —4 —I +3 +4 +1 ° ° +1 —2 
dO oe Cara tae Becta ay i =e || Se +3 +2 +2 +1 —I 


Since the value of the condensation is often expressed as the 
ratio of the number of stars at latitude 5° to the number at 80°, the 
results are also given in this form in Table V, alongside the corre- 
sponding ratios for Kapteyn and for Chapman and Melotte. 


TABLE V 


GaLactic CONDENSATION. Ratio oF NUMBER OF STARS AT 5° TO NUMBER AT 80° 


Magnitude 


Astrographic Catalogue... .. Oey ap Ge nah ORS mh eral Alore Ih Peat ae 
Iapteyi te: sere sates ee 205/52 Onset) SeAinseOa essa leas Onishi OR 
Chapman and Melotte...... AON ay fat ae | Zeman see || Bear | ey I Me | 


It is scarcely necessary to remark that the values here found 
for the condensation are entirely independent of the fact that we 
have used Kapteyn’s tables for the determination of the limiting 
magnitudes; the result would have been the same had the different 
zones been reduced to a homogeneous system by the tables of 
Chapman and Melotte. 

It is now of interest to examine the outstanding irregularities in 
the original data of Table I when compared with the mean 
densities of Table III. For this purpose the mean densities and 
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latitudes were first formed for o* and 14, 28 and 3}, etc., for the 
groups of each zone. Since the values in Table I refer to the middle 
of the hours of right ascension, the results thus derived correspond 
to the exact hours—1", 34, etc. The comparison with Table III 
gives the residuals O.—C. shown in Table VI , in units of the second 


TABLE VI 


DEVIATIONS OF OBSERVED DENSITIES FROM THE MEAN DISTRIBUTION 
(Unit=o.or in the logarithm) 


+62° +28° any any ae 
R.A. | | 
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place of decimals. The means, both with and without regard to 
sign, are at the bottom, the former being the systematic deviations 
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of the groups, the latter the average deviation of the mean of a 
pair of densities, from the adopted values in Table III. 

The systematic differences are unimportant and attract atten- 
tion only in those cases (mainly in the Oxford zone at +28°) in 
which two or three abnormally low values were more or less ignored 
in drawing the original curves. Had the corresponding residuals 
likewise been disregarded in forming the means for Table VI, 
the systematic deviations would have been small throughout. The 
small average deviations for the Vatican zone at +62° and the 
Cape zone at —41° recall the remark of an earlier paragraph con- 
cerning the internal consistency of the results for these zones. 

Examining the individual residuals, we find numerous instances 
of persistence of sign, which show clearly a more or less regular 
variation in the observed densities with right ascension. Moreover, 
the similarity in the sequence of signs for the different limiting 
magnitudes within a given zone suggests that the variations in the 
observed density have the same general character for stars of all 
degrees of brightness. 

To exhibit more clearly the nature of the irregularities, the left- 
hand set of curves shown in Fig. 2 has been prepared. Their ordi- 
nates are the means, for each zone, of the deviations shown in 
Table VI for each hour of right ascension; the abscissae are right 
ascensions. ‘To avoid confusion, the results for the two Cape zones 
at —41° and —42°, which are much alike, have been combined. 
There are occasional similarities in the curves which are suggestive 
—for example, the first 12 hours for the zones at +28°, +17°, +o°, 
and —1°; but, so far as the present data alone are concerned, it is 
impossible to say whether the irregularities represent real variations 
in the distribution of the stars or nothing more than a seasonal 
influence upon the limiting magnitude and gradation of the photo- 
graphic plates, superposed upon accidental errors of observation. 

If now we examine the relation of the results thus derived to the 
spiral" found by Turner to characterize the distribution of the stars 
of these same zones of the Astrographic Catalogue, we must consider 
the deviations in Table VI from a different standpoint. The curve 
in question, whose equation is 

at+3.668=247°, 


* Monthly Notices, 76, 7, 152, 1915. 
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represents the median line of a region of “obscuration” in which 
the ratio of the density of the faint stars to that of the bright stars 
is relatively small. Within any given zone—that is, for a constant 
declination—Turner has found the value of this ratio to vary with 


Fic. 2.—Irregularities in observed densities for various Astrographic zones. 
Vertical spacing of curves proportional to declination of zones given at the left; 
abscissae are right ascensions. 

Left: Deviations from mean distribution shown in Table III. Ordinates are 
the means, for each hour, of the quantities in Table VI. 

Right: Deviations in ratio of faint stars to bright. Ordinates are differences, 
last group minus first group, of quantities in Table VI. The median line of Turner’s 
spiral of obscuration is indicated by the inclined lines. 
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right ascension between limits which depend upon the limiting 
magnitudes. 

For a comparison with this result we may begin by forming the 
differences of the logarithms of the densities in Table I for the 
extremes of limiting magnitude there shown. It is simpler, how- 
ever, to form the differences, for the extreme magnitudes in each 
zone, of the residuals given in Table VI. Since the deviations 
themselves have the form O.—C., the difference of any pair, for the 
limiting magnitudes F and B, may be written 


8= (log Dr—log Nr) —(log Dg—log Nz) (1) 
or 
ReDe Ne 
8=log Dean (2) 


in which the values of D and WN are the observed and the mean 
tabular densities, respectively (Tables I and III), for the two limits. 

It is the variation of 6 with right ascension in which we are 
interested; Dy/Dg is the ratio of the density of the faint stars to 
that of the bright stars, and N,g/Ny a factor, varying with galactic 
latitude but not longitude, which neutralizes the influence of the 
relatively high galactic concentration of the faint stars toward 
the Galaxy. In other words, as is evident at once from Table VI, 
the difference in the deviations for a faint and a bright limit is the 
logarithm of the ratio of the number of faint to bright stars in excess 
of the normal ratio corresponding to the mean distribution shown 
in Table ITI. 

The variation of 6 with right ascension is shown by the right- 
hand set of curves in Fig. 2, whose ordinates were obtained by 
subtracting the first column for each zone in Table VI from the 
last, after correction for the systematic deviations at the bottom. 
The fluctuations are of the same order of magnitude as those shown 
in the other part of the figure; some similarities of form are vaguely 
suggested, although there is nothing that cannot be accounted for 
on the basis of inherent uncertainties in the data; but, whether the 
fluctuations are real or not, there is obviously no relation between 
them and Turner’s spiral, which is represented by the inclined lines 
crossing the figure. An agreement with his results would require 
a well-defined minimum in each of the curves at the point of inter- 
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section with the spiral. Moreover, the amplitude of the variations 
shown in Fig. 2 is much less than that required, for his difference 
between the “unobscured’’ and ‘“obscured’”’ regions amounts to 
about o.4 in the logarithm of the ratio of faint stars to bright.” 

In seeking an explanation for this divergence, we may consider 
equation (2). Unless I have misunderstood his method of reduc- 
tion, Professor Turner has treated the variations in the quantity 
log Dr/Dg as though they were independent of the galactic con- 
densation; this indeed could be done, were the condensation not 
dependent upon brightness. Thus in M.N., 76, 3, 1915, Table I, 
zone —42°, he has given the deviations of log A/M (another 
notation for log Dr/Dg) from its mean value; and on the follow- 
ing page he discusses the sequence of signs for these deviations, 
and for a similar series for zone —41°, from the standpoint of 
the ‘‘obscured”’ region. Later, these same deviations, modified 
by a constant, reappear in Table IV, M.N., 76, 153, 1915, where 
they are subjected to the analysis which leads to the spiral whose 
equation is given above. Again, the deviations given in M.N., 75, 
468, 1915, Table III, for the differences of the logarithms of the 
densities corresponding to two limiting magnitudes enter unchanged 
into Table VI, p. 156 of Vol. 76.2, In neither case has there been 
any allowance, apparently, for the galactic phenomenon in deriving 
the spiral; and, similarly, in the preliminary description of the 
obscured patches shown in M.N., 75, 480, 1915, the discussion seems 
always to be based upon the unmodified ratio of the number of 
faint stars to the number of bright stars. In fact, only traces of 
the relatively high condensation of the faint stars had been detected 
in the Astrographic counts when the first account of the obscured 
areas was prepared.$ 

The quantity whose variations have been studied by Professor 
Turner, and upon which he has based his conclusions, is, therefore, 
by equation (1), 

8’=log Dr—log Dg= 8+log Np—log Nz (3) 

t Monthly Notices, 75, 480, 1915. 


2 Here, as in Table IV of the same article, the first difference is for the hour of 
right ascension which stands at the head of the column. 


3 Monthly Notices, 75, 481, 1915. 
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which differs from the quantity 6 whose values are shown graphi- 
cally in Fig. 2 by the amount log Vr/Nxg. But this latter quantity 
is not independent of the galactic latitude. Its variation is a con- 
sequence of the relatively high galactic concentration of the faint 
stars. Were the condensation the same for stars of all magnitudes, 
its value would be a constant for any pair of limits F and B; but, 
as we approach the Galaxy, the faint stars increase in numbers more 
rapidly than the bright ones, with a resulting increase in log Np/Nz. 

There is a wide range in the galactic latitudes of the Astrographic 
zones, and the changes in the factor log Ny/Nx accounts for a large 
part of the variation in log D;/Dgs studied by Professor Turner. 
When their influence is removed, there remain only the differences 
6 illustrated in Fig. 2. It is thus evident that high latitudes will 
contribute toward the formation of an “‘obscured”’ region; a refer- 
ence to the diagram in M.N., 75, 480, 1915, shows that in general 
the centers of these regions are remote from the Galaxy. Again, 
the sequence of numbers in the last column of Table IV, M.N.., 
76, 153, 1915, which represent the amount of the obscuration phe- 
nomenon per magnitude, is approximately duplicated by the varia- 
tions in the values of log Ny/Nx interpolated from Table III for 
the appropriate latitudes and for limiting magnitudes differing by 
™o; for example, 12.5 and 11.5. Since the curves in Fig. 2 
reveal no trace of the spiral of obscuration, it seems necessary to 
attribute the origin of that phenomenon to the influence of the 
relatively high concentration of the faint stars in the galactic 
regions. 

The question under consideration is really that of the uniformity 
of the stellar distribution in galactic longitude. The evidence pre- 
sented here suggests that the irregularities cannot be large, at least 
for the fainter stars, and this conclusion is strengthened by an 
examination of the densities derived from the photographs of the 
Selected Areas made with the 60-inch reflector.t The limiting 
magnitude for these plates is about 17.5; a noticeable variation 
of density with right ascension is present, but it is of the character 
to be expected from seasonal influences. The counts on the 

* Mt. Wilson Communications, No. 42; Proceedings National Academy of Sciences, 
3, 188, 1917. 
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Franklin-Adams plates,’ limiting magnitude about 17, show even 
smaller systematic irregularities than those affecting the Mount 
Wilson photographs. Neither the Mervel Hill nor the Johannes- 
burg series of plates reveals any variation in right ascension or 
galactic longitude that cannot reasonably be attributed to accidental 
errors. 

SUMMARY 


Counts collected by Professor Turner of nearly 600,000 stars 
on the photographs for 10 zones of the Astrographic Catalogue, 
extending from declination +62° to —65°, have been discussed 
from the standpoint of stellar distribution with respect to the 
Galaxy. The galactic condensation found is very nearly that 
derived by Kapteyn (Tables III, IV, and V). The deviations of 
the observed densities (Table VI) from the mean distribution show 
systematic variations in right ascension which are definite, but 
not larger than the uncertainties affecting the results. They are 
not in agreement with the spiral of obscuration derived by Turner 
from the same data; the origin of this latter phenomenon is to 
be found in the failure to allow for the high galactic concentration 
for the faint stars. 


Mount WItson SoLtar OBSERVATORY 
June 1917 


t Memoirs of the Astronomical Society, 60, 171, 1914. 
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THE PHOTOGRAPHIC DETERMINATION OF STELLAR 
PARALLAXES WITH THE 60-INCH REFLECTOR 


SECOND SERIES 
By ADRIAAN VAN MAANEN 


Since the publication of the detailed results for the paral- 
laxes of twenty fields," thirty more regions have been completed, 
besides the determination of the parallax of the planetary nebula 
N.G.C. 7662, an account of which was published in Proceedings of 
the National Academy of Sciences, 3, 133, 1917.2. The work for the 
present series of parallaxes was carried on in practically the same 
way as that described in the previous paper; it will therefore be 
necessary to mention only the few changes made in the program 
of observations and reductions. 

A more accurate determination of the scale of the plates taken 
at the 80-foot focus of the 60-inch reflector was made from photo- 
graphs of the region of the double cluster in Perseus; the result 
is 1mm=8?’227 instead of 1 mm=8"245, as given in the earlier 
paper. Since further measures show that 1mm on the plates 
equals 5050 instead of 5000 parts of the micrometer screw of the 
stereocomparator, the factor 0.001629 instead of 0.001649 should 
be used to convert into seconds of arc the parallaxes and proper 
motions expressed in 1/2000 of a revolution of the micrometer screw. 
This new value affects the parallaxes of only two stars in the first 
series, viz., those of Boss 2921 and Boss 3650; in both cases the 
corrected parallaxes are 0”001 smaller than those previously given. 

As in the case of the first series, the two exposures to be com- 
pared were always made at nearly the same hour-angle; the largest 
difference is 10°, while in only 9 of the 237 cases is the difference 
larger than 5°. In all cases, therefore, the influence of differential 
refraction is less than o”001, which is well within the limits of the 
errors. 

t Mt. Wilson Contr., No. 111. 

2 Mt. Wilson Communications, No. 40. 
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In June 1916 the supply of rodinal used for developing the photo- 
graphs gave out, and it became necessary to substitute another 
developer; plates numbered 963 to 1005 have been developed with 
Wallace’s contrasty developer.* 

In the measuring machine only one change has been made, viz., 
a slow motion which moves both plates horizontally; this additional 
motion is very convenient, as it permits the use of the same part 
of the micrometer screw for the different stars on the plates. 

To investigate the measures for systematic errors due to a pos- 
sible tilt of the plate-carriers of the stereocomparator, care was 
taken in all but 6 of the fields that about as many pairs of plates 
were measured with the morning exposures in the left as in the right 
plate-carrier. The algebraic mean of the residuals v for these pairs 
was found to be less than 1 part of the micrometer screw, showing 
that no appreciable systematic error is due to this cause. 

In the fields of Boss 2881, 3078, 3398, and 3736, which are in high 
galactic latitudes, the scarcity of stars made it necessary to use one 
or two comparison stars whose distances from the central star are 
greater than 8’, the limit adopted in the first paper; the distances 
did not, however, exceed 10’. 

As before, the zero point of the co-ordinates was made to coin- 
cide with the parallax star, except in the case of the double stars 
Boss 178, 2285-6, 4892-3, 5433-4, and 5682-3; here the zero point 
was taken half-way between the two components. 

The detailed results for each star are collected in the tables, 
which are arranged in the same way as in the previous paper. 


SUMMARY OF RESULTS 


The results are summarized in Table I, which is analogous to 
that of the first series with the following exceptions: 

In the case of Boss 5683 the difference in magnitude between 
5682 and 5683, as given by Boss, was added to the Harvard 
magnitude of 5682. 

At the bottom of the table are results for three objects not con- 
tained in Boss’s Catalogue. The magnitudes for the two B.D. stars 
were taken from the Bonner Durchmusterung. 

* Astrophysical Journal, 20, 118, 1904. 
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The mean number of exposures is 16; the mean probable error 
Is oY0055, a result slightly better than the mean of o”oo60 for the 
first series; this may be due to the slightly larger number of expo- 


“TABLE I 
! 

Nu i i 
mG Bom | Ma| Soestum | BMC | Relative | px. Wot! wu, Boss | ngvm | Pose 
TOO Get Se Ges 6.38 G6 ofor4 | +0%003 | o%007| 14 | +0%0r13 | +07%032 | —o%o019 
TA Srenasheve: aaa 6.20 k 0.092 | +0.009]0.004| 16 | +0.092| +0.102] —o.o10 
BH Oaent © aya soe 6.20 he 0.092 | +0.007] 0.003] 16 | +0.092] +0.081 | +0.o011 
[soy AeAre ora ee G23 F3 0.016 | +0.008 | 0.003} 18 | +0.015 | —o.014| +0.029 
O336 foo tsa 5.67 F4p 0.022 | +0.012] 0.004] 14 | —0.004| —0.024] +0.020 
NOU’ nme wera 6.1r | Ma(G6)| 0.011 | —0.001] 0.007} 16 | +0.010] +0.006] +0.004 
EOE « < 5.64 Ko 0.089 | —0.002|0.007| 18 | +0.037| +0.104| —0.067 
2285.. 6.04 F5* 0.195 | +0.020]0.005| 16 | —o.125| —o.109] —o0.016 
es Teas Hae Raton 7h Fs5* ©.201 | +0.024] 0.008] 16 | —0.135 | —0.122| —o.013 
DOS Oem rete iaters 6.14 G4 0.020 | +0.005 | 0.003] 12 | +0.003 | —0.004| ++0.007 
2528.. 6.27 G8 0.079 | +0.013 | 0.003} 18 | —0.076| —0.065 | —o.o11 
BOO Fe cteraisletens 6.43 KS 0.049 | +0.010]0.005]| 16 | —o.012| —0.015 | +0.003 
BOS Laney Saciveteia"s 6.29 Go 0.103 | +0.034] 0.002] 12 | —0.088 | —0.082 | —o.006 
BOT Season Saiste, 5 5.74 F3 0.347 | +0.040] 0.008] 16 | —0.346] —0.331| —o.015 
3308... 5.90 | Mc(G8) | 0.065 | +0.041}0.009| 12 | +0.032| +0.104| —o0.072 
BTA Ob ars 0: raises 5-98 Ko 0.096 | +0.055] 0.005] 16 | —0.029| —0.065 | +0.036 
BOE Otis crete): iy Gs* 0.068 | +0.042] 0.006] 14 | +0.061| +0.075| —o.014 
3867.. 5.98 | Mb(G6)| 0.004 | +0.003] 0.006] 20 | —o.004] —0.002| —o0.002 
ALBOW eves esters 5-94 Ki 0.046 | +0.006} 0.006} 16 | +0.045 | +0.074| —0.029 
A202 We cea iy fe) Mb 0.054 | +0.020] 0.004} 16 | +0.036| +0.051] —o.015 
AZOT Mees eek 5.48 G6 0.059 | —0.001| 0.005} 16 | +0.059| +0.077| —o.018 
AASOM ec Cisiei8 che 6.46 Kr 0.052 | +0.018 | 0.003 | 16 | —o.018] —0.014| —o0.004 
BOD G cre cued cleo = 5.49 Kr 0.016 0.000] 0.004} 16 | +0.016] +0.037| —o.021 
AOA T eicsentncko ts 1: 6.25 Kr 0.062 | +0.034] 0.008] 14 | —0.033 | —0.042 | +0.009 
QZ PRR as cee 6.84 G2 0.630 | +0.044] 0.003] 16 | —0.174| —0.158] —o.016 
ASO RR Scie 6.62 G2 0.655 | to.042|0.004| 16 | —o.190] —0.155| —0.035 
AGI Mianeste fe tcaeo| ces K8 5.278 | to.325|0.011| 18 | +4.161 | +4.169 | —0.008 
BAS Alas wis Wi) oe 1 6.28 K8 5.155 | +o.320] 0.008] 12 | +4.132| +4.107| +0.025 
OGD wees ioe sl 6.49 F7 0.143 | --0.003 | 0,008] 16 | —0.139] —O.122| —o.017 
BOS wens 6 6 teak 6.89 G2 0.144 | +0.005]| 0.007] 16 | —o.141 | —0.108| —0.033 
BOOL ee. ic oe 5.78 Fo 0.127 | to.011|0.008]| 16 | +o.119] +0.141 | —o0.022 
YY CRO RADE 6.13 Fs 0.337 | +0.058| 0.007] 16 | +0.336| +0.324] +0.012 
HOS Oirsnca os steveret 5.65 Fo 0.270 | +0.047/} 0.004] 20 | +0.116] +0.113 | +0.003 
B.D. +35°4001| 8.5 OF |e tee +o.o11|0.005] 16 ]....... FIOMeRKS) || Sa gooac 
B.D. +35°4013) 8.0 Oe es cecocas 0,002] 0.003 || 14 |....... TREO ote acer 
INCH ORY Clam llganecc IPIOINED |e errs a oynrev ae |\oynteroyh|| 845) |] So aaonc =O), 003) 


sures used or to the better quality of the plates, as in general a 
smaller number of poor plates has been used in this series. 

As the mean magnitude of the comparison stars is 12.4," the 
relative parallaxes require a correction of about + 0/002 in order 
to reduce them to absolute parallaxes. 


1 On the scale of Publications of the Astron. Lab. at Groningen, No. 18. 
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Boss 106 &=0'27™228 6=+27°44’ 


Date t Obs. Qy p ™m Remarks 
jrors Aug. 2 |= 235 | vi gg |+o.789 |-+0.59 
2\+ 2.5 | vM g |+o.789 |+0.59 
3r |— 5.5 | vM g |+0.462 |+0.67 | Clouds 20™ exp. 
31 |+ 0.7 | H g |t+o.461 |+0.67 | Clouds 20™ exp. 
INOV aromas Sivan fg |—o.483 |+0.84 | Hazy 20™ exp. 
2\+ 2.5 H fg |—o.483 |+0.84 | Hazy 20™ exp. 
2\+ 9.5 | wM fg |—o.483 |+0.84 | Hazy 20™ exp. 
Trail 
4 ito) Po asl g |—o.506 |+0.85 | Hazy 20™ exp. 
4, \— 2.0) VM g |—o.506 |+0.85 | Hazy 25™ exp. 
Dec2 | — 1620 | svi g) |—o,80r |--0-02 |) Hazyzo™ exp: 
: 2 |\— Tonge || = eb fg |—o.8o01 |+0.92 | Clouds 17™ exp. 
.|1916 July 23 |—13.2 | vM g |+0.857 |+1.56 
230 = 20105 eas ee g |+0.857 |-+1.56 
1065 .. Aug. 3 |+ 5.0] vM fg |+0.773 |+1.50 
Mor.—Ev. Ap Am M 7] At 


TO5Ir-7651...]| +1.66 | +0.64 +25 +o | +2°8 


IO512-7052...| +1.66 +o0.64 +28 +12 +1.2 
665 —760;...| +0.97 —o.18 —I0 — 8 +2.5 
i a WSihs eal] apy —0.25 —13 —I0 +2.0 
666 —7602...} +0.97 — Onto +25 +27 +2.7 
6482-7512...| +1.27 —0.25 —I4 —II 0.0 
LOOH|—752— ..|) or 320 +0.75 = § —22 —A55 


+1.56 fat 2.097=+34 T=+ 1.6=+07003+0”007 
+2.090 Mat12.217=+61 Ma=+19.7=+07032+07%019 


Comp. Star] Br. ae y 7 P.E. 

See ora if +1/o +o!1 —o’002 +0007 
Disks Wier ote bf +0.3 “ony ©.000 0.009 
3 Mehod citer: ape =r. 6 +0.021 0.007 
A eroloateiees On| —20) —0.026 0.008 
Se omer ff —6.5 —I.I +o.018 0.015 
One eetaet f —4.0 +2.2 —0,.010 =0.012 
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Boss 178=Bu 439 a=oh44™378 5=+27°10' 


Pl. No. Date t Obs. Qy p m Remarks 
400;..|1914 Dec. 8 |— 922] vM fg |—o.812 |—o.06 | Clouds 20™ exp. 
4002. . 8 |— 5.0 # vM fas |—o.812 |—o.06 | Clouds 7™ exp. 
407x.. 9 |+ 4.0] vM g |—o.821 |—0.06 
4072.. oO \-- 8.5 H Pe —or82a8 | —0,060 
618 ..|/r915 July 31 |— 2.0} vM g |+o0.842 |+0.58 
032%... Aug. 1 |—12.2 | vM fg |+0.834 |+0.59 
633 -. Ej" 7.0, |) 8 |+0.834 |+0.59 
634 .. i |— 2.0 | vM fg |+0.834 |-+0.59 
604:.. Sept. 2 |— 7.7 H fg |+o.500 |+0.67 
6942. . 2 —wae5) |) VAM fg |+o0.499 |+0.67 
695x.. 2 (5S BES H fg |+0o.499 |+0.67 : 
6952. . 2/+ 7.0} vM fg |+o.499 |+0.67 | Trail 
706i0 Dec. 2 |— 6.0] vM g |—o0.765 |+0.92 | Clouds 25™ exp. 
I144:..j1916 Nov. 16 |— 7.0 H fg |—o.609 |+1.88 | Clouds 20™ exp. 
TI442.. 16 —" 5.55} vi fg |—o.609 |+1.88 | Clouds 20™ exp. 
£LOS 17 10.7 H g |—o.622 |+1.89 
v 

sig es a | Gly em eGo ey y 
O32 —TO5 een +1.46 | —1.30 —go —65 —16 —7 —1°5 
GO4r="4O0rs<2 5 as spac: | Spes7k is = 32 ils FiO Fae 
O21 TAA ae Se +1.44 | —1.29 | —78 —49 = 5 ap © 0.0 
0045/00 rae e200) iO 125 se 0 Sis} +10 Si arAG 
O13'—" 4003: = 22 =. +1.65 | +0.64 +60 53 Tr +14 ar) 
OSA SETAAa. .sa 1.445) —1.,20 —s50 —55 +17 + 3 0.5 
O95: 407022 Soe |] Sponge +48 +46 == & + 4 —2.0 
OO57 14077 eer Sriasen|) rene +57 +36 ap al = irae 


+7 .07 Ma ies 3 oo P 
—2.00 Mat15.787=— 38 CoP 30 (178:) 


mw=+ 5.5=+0/009+ 07004 aa) w=+ 4.3=+07007+0”"003 
(1781) Ma=+62.7=+0%102+07%006 ta Ma= +49 .4= +07081 + 07004 


Comp. Star Br. x y 7 P.E 

ts Peer sre f Ov +5/8 —o%002 +0014 
Ps ee hae bf +5.9 407 +0.005 ©.005 
oh 1a Sesh b +6.5 Tso +o.005 0.004 
ay Pe f +2.1 —5.5 —0.015 0.008 
Goi teictae f —2.2 —3.8 +0.008 ©.005 
(iene Ohne f —4.1 —5.9 +0.003 0.005 
eto Ora bf —5.1 +1.4 +o.004 0.007 
Be ocmeas f —4.0 +5.1 —0.007 0.009 
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Boss 637 C= 29AamR8 5 = +68°28' 


Pl. No. Date t Obs. Qy p m Remarks 

7091..|1915 Sept. 29 |— 8°0 | vM g 1i+0.585 |-+-0.75 

7002. « 29 |— 4.0] vM © |s-OnbS5 a0. 75 

7201.. 30 |— 6.0 | vM g |-+0.572 |+-0.75 

7202. . 30 2.0 | vM g |+0.572 |-+0.75 

AO palo Ie gileaadyee |) Js! t, 0.802 |--r Or 

787 .. Bais ees AMY { 0.802 |--r.01 | Hazy 20™ exp. 

780 .. mr |—11.5 | vM f |—o.861 |+1.03 bee frosted 

790 . 1 |— 5.7 | vM { |—0.864 |--1-03 during drying 

TOU . Tt | GaSe ve f= 078048 |= n103 

800 . 12 /|— 9.2 | vM fg |—o.869 |+1.04 

801 I2/— 5.0} vM fg |—o.869 |+1.04 

Bozic 12 |-+ 2.5 | vM fg |—o.869 |+1.04 

Soske. r2 |+ 6.5 | vM f —o.871 |+1.04 

1093r. - Septeton |i om tel g. |+0.695 |+1.72 

1032. . , Ig |—12.0 | vM g |+o0.695 |+1.72 

LET. 20 |+ 1.0] vM T) F-O.083|—}- bay 

Tera Hey a HP H g |+0.683 |--1.73 

Tava 20 |+11.0 | vM fg /+0.683 |+1.73 | Trail 

Mor.-Ev. Ap Am M v At 
10931-786....| +-1.50 =O. Fir +7 +5 —2°%o 
TOO32= 7 SOR te 50) +o0.69 =u = % Ons 
7091-800 ...| +1.45 —06520) +12 + 2 +1.2 
720:-700... 0) ah. 44 —On2> — 7 —16 =o3 
osveeli o Sal) Searls —On20) +28 +18 =e O 
720:-78 xe) eho 7 —o.26 5 — A. a rel als 
WANE OPE 5 ail) Grea ly -+o.69 = & — 9 — Teas 
TI132-791 ...| -- 1.55 +0.70 = ¥ — 3 ~0.3 
TLE —SOss es |e ts +o0.69 +12 +10 +4.5 
+2.74 Mat 3.7897=— 5§ wT =+5.1= SS cea 
+3.78 Mat20.03 T=+69 Ma= —8.8= —07%014+ 07008 

Comp. Star Br. x y ™ 121 Dy 
ABE ed eee f = 243 +4/0 +oo12 +0010 
DUD As Ssatits f Soo” Ont —0.005 0.008 
Ren oe f =cOnG 27.0 —OFOl7 0.005 
Ae bf +o.4 —4.9 +0.005 0.010 
oe f —3.7 —1.2 +o.019 0.005 
Onerainetee bf —1.0 —0.4 —0.004 0.017 
Take aie f —5.5 ae —O.OnE +=0.005 
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DETERMINATION OF STELLAR PARALLAXES Ff 


Boss 933 = @=358™238 8 = +-23°s0" 


Pl. No. Date t Obs. Qy p m Remarks 
69:../1913 Dec. 22 |— 4°o0 | VM f |—0.466 |—1.02 
602. . 22 |-- o.5 H f |—0.466 |—1.02 | Hazy 
81 ..j1914 Jan. 20 |— 1.5 | vM fg |—o.821 |—o.94 | Thick 
2055." Oct. 11 |— 3.0] vM g |+0.674 |—o.22 
296 .. ED ta 5 H g j+0.674 |—o.22 
t0og6 ..|1916  Sept.19 |—10.7] H fg |+o.891 |+1.72 
LOO Faas 19 |— 6.0 | vM f |+o.891 |+1.72 
Too8 .. IO) |= Ore lel g |+o0.889 |+1.72 
BER Sr 20 |-- 0.2 H g |+0.884 |+1.73 
TIIS2.. 20 |+ 4.2 | vM g |+o0.884 |+1.73 | Sector-belt broken 
I239.../1917. Jan. 29 |—11.0 | vM fg |—o.895 |-+2.08 after 10™ exp. 
pi2407-. 205 |) O27 vi fg |—o.895 |-++2.08 
POAT 2 0.0 | vM fg |—o.895 |+2.08 
F242) 5. 29 ;+ 4.2] vM fg |—o.895 |+2.08 | Trail 
Mor.-Ev. Ap Am M v At 
OOO 1230...) +-1..70 Ona +39 +21 +0%3 
TOQ7 —1240 ...4--- 1.79 0). ae —12 0.7 
205 — 60:1... 1.14 +o0.80 ° + 4 +1.0 
FO9S = OE e.-| atl 7 Er +2.66 = 25 —3S Srileg 
BLGSe—TIAT cel ete ha 7o Ones +18 ° +o.2 
200— 662...| 4-1.54 +o.80 +17 +ar +3.0 
III52-1242...| +1.78 —0.35 ap g Ss 0.0 


+8 .86 wat 3.85 7=—I102 w =+ 7.3=+07012+07004 
+3.85 wat18.267=+ 77 Ma=—14.7=—07024+07006 


Comp. Star Br. a y 7 PRs 

dence eae f + 3/2 +-6:0 +07%006 +07%003 
an ff +4.1 =O) —0o.010 0.006 
FR Ae f +607 —I.2 +0.005 ©.005 
A itotnte a f 0.5 —3.3 —0.002 0.011 
Fi ea eae ff +1.2 —6.0 ©.000 0.012 
One f —3.7 —o.8 +0.008 0.008 
Neher Ce f —7.0 Srueoat +0.006 ©.007 
Si Fiero tae bf —4.0 +1.6 —0.013 +=0.010 
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8 ADRIAAN VAN MAANEN 


Boss 1014=Bu 2149 a = 4516™308 6=+20°35’ 


Pl. No. Date t Obs. Qy p m Remarks 
313... |1974.) Oct. 12711047 H g |+o.717 |-+0.78 
3301... 13 |—11.0 | vM g |--0.707 |--0.70) 
38020 13|/— 6.0} H g |t+o.707 |+0.79 : 
BoD 13 |+ 1.5 | vM g |+o.706 |+o.79 | Trail 
AST ee LOLS ee) aAle el Ot mesh H { |—o0.665 |+1.03 
AS Toon 1o |+ 0.2 | vM fas |—0.665 |+1.03 
ERS 3 10 |+ 6.0] H ig |—0, 665 |--1.03 
FST coe Feb. 6 |/— 1.2 | vM g |—o.91r8 |-+1.10 
ASO es ON ee yn H g |—0o.918 |+1.10 
AUT Lg sha 7\— 6.2 | vM (a Ne oysloysct |miits. anit 
AGRE Ub Ne Poe Nt stat @ |—0.925 |--1.11 
AGP oor 7 I+ 3.5 H fg |—o.925 |--r.11 
Gites cio Sept. 29 |— 1.2.| vM fg |+0.855 |+1.75 
20 30 |+ 0.7 | vM fg |+0.843 |+1.75 
73200 . 30 I+ 6.2 | vM fg |+o0.843 |+1.75 
TAGnr. Oct. x1 |/+ 4.0] H ff) Or S35 u\ateta 5 
M M 

Mor-Ev. oe Am (1014) (Comp.) (rong) (Comp) ae 
Reefs 5 ogous -+1.63 | —0.32 +27 +26 +29 +31 —4°8 
BUN n. 30.6 ate SPs || =O. 25 — 9 =I = ¥ = & — O70 
3207-47 Teen SPO, || One + 4 — 2 + 6 + 3 —3.8 
TPA AG coo cee +-1.77 | --0. 65 —=36 1K! 29) 20 0.0 
HOO BR B0 6 oo 3 3 —-r.5r | +0.72 +23 +29 +21 28 +0.5 
331-472 1102) |= Ona —29 = Ril ey) —20 Oe) 
746-452 +0. 75. | =150-05, +29 +17 +28 +12 —7T.2 
HEME oo ecaoe +1.51 | +0.72 —1I0 a7, —I2 ie +o.2 

+2.2 2.567= 21 
pene v7 (1014) ay (Comp.) 
+2.56 tat20.637=—1 + 4 
T =— I.1=—07002+0”006 


T =—0.5=—0”001+0”00 
(ror4)| 5 7 


Ma=+3.7=+0"%006+0%021 (Comp.)} 


Ma=+10.6=+0%017+07018 


Comp. Star Br. x y 7 LALDE 

De ohteeces bf +724 +o/8 +0%025 =+070I10 
Be ashe aan “2e0 +4.4 ©), 035 0.012 
Brot sina f —0.3 +4.9 +0.003 0.008 
a Sepa ff —2.2 0.3 —0.005 0.013 
Carotene bf —7.3 —o.8 +0.017 0.010 
Ons austere f 0.0 —4.0 +0.003 0.009 
VINOD Senate b +1.0 —6.0 —0.007 +=0.006 


DETERMINATION OF STELLAR PARALLAXES 9 


Boss 1971 a= 7h26m28 6=+17°78' 
Pl. No. Date t Obs. Qy ? m Remarks 
768:..|1915 Dec. 6 |— 7°20 | vM g |+o0.569 |+0.93 | Some astigmatism 
7682... 6 |— 3.5 | WM fg |+0.569 |+0.93 of 60-in. mirror 
760.6 6 |-+ 2.0 H fas |+0.569 |+0.93 
Gots Tal Or 20 | evAvE g I-+o.555 |-+0.04 
Uifisee 7 \— 2.0] vM g |-+o0.555 |--0.94 
813x..|1916 Feb. 24 |—15.7 H fg |—o.60§ |--1.15 | Hazy 20™ exp. 
8132.. 2AN| TO. bolle Gy |= Or OO ew tts al melaZzya2o™rexp. 
814r.. 24 |— 2.7} H g |—o.695 |+1.15 | Hazy 20™ exp. 
8142... 24 |+ 2.5 | vM g |—o.695 |+1.15 | Hazy 20™ exp. 
820 .. Mar. 11 |— 5.5-| vM I else Spits ako) 
S254. ew IS Tehets H g |—0.862 |--1.20 
S220. Ir |-- 5.0 | vM g |—o.862 |+1.20 
848 .. 25 |— 0.2 | vM fg |—o.954 |—1.24 | Some astigmatism 
of 60-in. mirror 
849 .. 25 |+ 5.5 H g |—o.954 |+1.24 | Trail 
EESAs Nov. 16 |—16.0| H fg |+o.803 |+1.88 
BER aor 16 |+ 1.0 | vM fg |+o.803 |+1.88 
Taisen 16 |+ 6.5 H fg |+o.803 |+1.88 
1184... 18 |+ 3.2 | vM fg |+o.783 |+1.89 
Mor.-Ev. Ap Am M v At 
TI54 —8531...| +-1.50 +0.73 +37 aS —0°3 
7OSt OL sae lot 20 One —44 2D +3).5 
7751-820 ....| +1.42 —o.26 +1 +20 | -—o.7 
7682-8141...| +1.26 10), 29) == 8 +18 One 
Wit mee tian G Gl) a pisar =O), 26) =~ 6 +25 TG 
TE57 —848....| --1.76 +0.64 +22 —17 +1.2 
769 —8i42.-=| 4-1.20 —0. 22 — 50) AN OS 
TEO4 —O22 see eel TOS +o.69 +62 +20 —1.8 
1158-849 ...| +1.76 | +0.64 +45 | +6 | +1.0 
+2.12 Mat 2.927=+132 w =— I.1=—0”%002+07007 


+2.92 Matig.g8T=+164 


Ma= +63 .8=+07%104+07022 


Comp. Star Br. % 

Testers! sxe ters bf tir/1 
Cee bf +1.9 
Bete cage f +6.7 
A Mevetoteree f +3.6 
Ose coe f +1.1 
Operates bf —0o.4 
a waves ere bf —5.4 
Screeners f —6.6 
Oirocueienes f One 
TOlivarsuorstae b Bi 


new 


++ 
KOS) 


| 
Lal 


~ 


RRHHO ONARUN 


P.E. 


+07005 
009 
004 
004 
009 
o16 
O12 
006 
009 
013 


090999000 


tt 


ite) ADRIAAN VAN MAANEN 


Boss 2285, 2286=Bu 4677 @= 892 0"a28 5=+6°58’ 


Pl. No. Date t Obs. Qy p m Remarks 
Hiasoug Ise, y aosiyt || wil! g |+0o.733 |+0.94 
776... 7|- 6.5} vVM | g |+0.733 |+0.94 
777%: - 7b O28 | VINER Ae tO sarees 
7779.. 7|+ 4.5 | vM | gas |+0.731 |+0.94 
SoaeaitolO se Marancte a meer ames £) || On00s tro 
824 .. £0) | -60 5)" yaa g |—0.693 |-+1.20 
Sone Ir |+12.2 H Z| =0,603) |-1.20 
850x.. 25 |—'.3.2| VMO | gy \=6.835 |r ize 
8502. . 25 /+1.0]} H ee Weekes [qin 2 F ‘ 
865 .. 26 |—14.5 | vM fg |—o.844 |+1.24 |)Some astigmatism 
866;. . 26 |— 9.2 H g |—0.844 |+1.24 of 60-in. mirror 
866... 26 |— 5.0 | vM gas |—o.844 |+1.24 |} Trail 
PISS Noy. 18 |— 4.7. | vM f |+0.893 |+1.89 | 20™ exp. 
1186 .. 18 |+ 1.2 | vM f |+0.893 |+1.89 | 20™ exp. 
TIOY) <3 Dec. 16 |—16.0 | vVM fg |--o.612 |--r. 96 
1200 .. 16 |+10.5 | H fg |+o0.614 |+1.96 
v 
Mor-Ev. ee we (228s) | (2486) Gas 86) a 
1197-865 ...... +1.46 | +0.72 —40 —76 —10 —44 —1°5 
770:-8661...... = abuse) || ©). 5S) +19 apne —20 —24 eS 
Poms ca bac Spee) |) Cee +21 +44 —18 = # — is 
1185 —850x oR 4) SHO 20 = ¢ ae —-14 Ses 
THR ROG op ood atc) ||, =e. 8Xe: +67 +86 +28 +39 Ons 
1186 —823 sell Gettok{) |b Seno = —2F +19 7 =e 5 
THPSOOD. coo wees +1.42 | —o0.26 +44 123 +10 = —2.0 
200.625 eee +1.31 | +0.76 —46 yn iF ees te 
De 2.40 T= —126 = Ti5Ks: 
Hei S4 Hart ao \ (2285) 3 (2286) 
+2.49 Mat18.857=+ 64 + 06 
7 =+12.2=-+07020+0/”00 = O= "024+ 07 
(28s) Sie + : co) oe 5 (2286) wT =+15.0=+07024+07008 
a= — 66 .8= —0” 109+ 0/015 Ha= —75..0= —01 52207023 
Comp. Star Br. a3 y 7 PB: 
Te hepeiecopsrs bf Sipsee Sid +0%005 +07009 
He ESR Ae bf +6.9 0.8 —0.008 0.010 
BN da ane b +1.4 —=0.8 —0o.006 0.012 
P Wee AE bf +3.2 —4.1 +o.008 0.005 
5 bf =0.38 —5.6 —0.008 ©.006 
Ont nett f —2.6 2.83 01002 0.007 
Oud ete bf —1.9 +0.4 +0.027 0.010 
Sree ene f EONS +2.1 —0.008 0.009 
Qe Meare f —= 2.2 +-4.9 —0.005 +0.01I 


4 
Xo) 
co 


DETERMINATION OF STELLAR PARALLAXES tit 


Boss 2338 a= 8h39™738 = +37°4' 


Pl. No. Date t Obs. Qy p m Remarks 
i 
59...|1913 Nov. 22 |+ o°7 | vM pf |+o.881 |—o.10 
i erate Dec. 22 |— 2.5) | #M fas |+0.568 |—o0.02 
Vict Wo. 22 \-: 3.0 H pf |+0.568 |—0.02 
Q2r...|1914 Feb. 26 |— 6.0 | vM pf |—o.482 |+0.16 
O23... 26 1.5 | vM pf |—o.482 |+0.16 
Q6x... 2725.8 ove { |—o.497 |+0.16 |\Some astigmatism 
962... 27 |= 4.2 | vM f |—o.497 |+0.16 |{ of 60-in. mirror 
4941.../1915 Mar. 8 !|+ 2.5 | vM fg |—o.617 |+1.19 | 20™ exp. 
4042... 8 |+ 8.2] vM fg |—o.617 |+1.19 | 20™ exp. Trail 
Oxon Dec. 6 |—10.0 | vM g |+o.762 |+1.93 
TOR oe Oo 505 H fg |+o.762 |+1.093 
eee 6 |+12.0 | vM fg |+o.762 |+1.93 
Mor.-Ev. Ap Am M v At 
770;- O6x....| +1.26 +1.77 + 6 + 6 —1°5 
7702- O2r....| +1.24 | +1.77 — 5 = 8 | 4h@.5 
2 OOs = ale neeO7, —0O.1o +14 =I are) 
Gav tvs 5s oll See —oOn20 =P 8 ° qPOD 
or AOAT Ee ai ke LO Sh ii ae 2 =A |) SPO. 
772 A0Aa- e138 |r. 74 = 6 pete Ge cat 


+8 .37 Mat3.467=—I0 wT =+3.0=+07005+07003 
+3.46 Mato .447=+20 Ma= —2.4=—0%004+07003 


Comp. Star Br. x 4 7 P.E. 

it f —oll +o!7 —o0%006 +o0’o12 
Shak, Ser aN f +2.9 TOO +0.013 0.006 
Cee f —5.1 —0.3 —o.008 0.004 
ds, 2 f 0.5 —6.2 +0.019 0.006 
Ca oon bf 5.2 —2.2 —0.017 +0.004 


199 


ibe ADRIAAN VAN MAANEN 


Boss 2528 a= 9!20™o® 6=+17°r’ 


Pl. No. Date t Obs Qy p m Remarks 
104...|r914 April17 |— 2°2 | vM pf |—o.896 |+0.30 
TO Sr ye 18 0.0 | vM | gas |—o.gor |+0.30 Some astigmatism 
Eas 18 |+ 4.2 | vM | gas |—o.go1r |+0.30 } ohGean: mor 
T2245r 19 |+ 1.5 | vM gas |—0.907 |+0.30 
Aisa Dec: «9 |—1027 H fg |+o.811 |+0.94 
419... 9 |— 3.5 | vM fg |+o.811 |+0.94 | Clouds 20™ exp. 
420:.)-|1OL5) ) alle) | 35 ava fg |+0.448 |+1.03 
4262.. 9 |+ 0.5 | vM f {+0.448 |+1.03 
4270 9 |+ 6.0 H f |+0.448 |+1.03 
445x.. TO" |e One vAve f | -O. Asal 203 
4452.. TOM a5, H £07423) ER a103 f 
AAO 10 |+ 9.7} vM g |+o.432 |-+1.03 | Trail 
700. ..|LOLO) Jans 1h || —stso) | vVE g—|--0. 420 |--2.03 
Sire Mar. 25 |— 5.0} vM vg |—0o.700 |+2.24 
Sela : 25 |— 0.7 H g |—o.700 |+2.24 
852:.. 25 | 4.5 | vM vg |—0.700 |+2.24 
SYA oy 5 25 |--' 0.7 H gZ |—0.700 |+2.24 
SO7 ne 26 |—10.7 Jai g |—o.711 |+2.24 
Mor.-Ev. Ap Am M v At 
A418 —807 ....| +-2.52 —1.30 +55 —G 0° 
AB ests | gol] Spat! —1.30 +73 +9 +1.5 
A2Or=LOA ees a Les Aaa Ons E215 7 —1.3 
4451-8512....| +-1.13 Solo +58 + 1 Ons 
700-1131. = 3) ste la32 St We —48 +10 Shi) 
4207-122 2. ..| 4-230 Ome 10 + 8 — reo 
AAS aU eae se —-On73 —29 — 5 —0.7 
427 -852:....| +1.15 —1.21 +55 — 2 +1.5 
440-8522... .| --1-13 eo +64 sey 0.0 


+12.34 fa— 2.85 7=—514 aw =+ 8.1=+07013+07003 
— 2.85 Mat15.63 7=+240 Ma= —39.8= —0/065+07003 


Comp. Star Br. x y 7 PE 

Tee ie ae ff +1/6 +1/o +07022 +07012 
PATNA Sa fe f 1.8 FeO +o .002 ©.010 
esas Moreist: f 1-250 +5.8 —OFOrs ©.007 
vile ARG Be bf —4.8 APA +0.001 ©.003 
eas CRORE b Shot —1.1 +0.011 0.007 
Onsaahackeg tr f 3.50 Anat =—=(0),(107) 0.009 
Toe se f +3.4 — 3256 +0.023 ©.009 
Sage ae bf 13-5 — 37 —0.024 =0.008 
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DETERMINATION OF STELLAR PARALLAXES 


13 
Boss 2603 a@=9h35™038 6=+26°22' 
Pl. No. Date 1 Obs. Qy p m Remarks 
77%z..|t915 Dec. 6 |—13°%0 | vM fg |+0.860 |+0.93 
7712. . 6 8.7 | 4H fg |+0.860 |+0.93 
Viveehoe UN OSa ov g |+0.853 |+0.94 
7907 ..|I916 Jan. 11 |+ 2.0 | vM fg |+0.477 |-+41.03 
868:. . Mar. 26 |— 9.0 | vM = |—o.661 |--1.24 
868.2. . 26 |— 4.0 H fg |—o.66r |+1.24 
8601... 20 |-- 2.5 | vi 2 |—07;06r |--1r.24 
8602. . 26 |= 57 H fg |—o.66r |+1.24 | Trail 
896 .. April 23 |+ 2.0] vM f |—o0.905 |+1.32 
8971... 23 |-+- 6.5 H fg |—o.905 |+1.32 
8072. 23 |-+11.0 | vM £ |—0.905 |--L.32 
On ee 24 |+ 3.0|/ vM @ | 0.910) |>-re32 
T20Ir.. Dec. 16 |-+ 1.0 | vM fg |+o.796 |+1.96 
T20Ts..; t6 |+ §.5 H fg |+o.796 |+1.96 
202.5 16 |+10.0} vM fg jt+o.796 |+1.96 
roots. F 17 |+ 2.0| vM fg |+o.767 |+1.97 
Mor.—Ev. Ap Am M v At 
7711-8681. ..| +1.52 —0.31 —15 — 28 —4°%o 
Wat ~-O0G24 = oi) ak. 52 SO) hit +4 — 69 Shh 
rs SOOrse cic aod —On30 +30 +17 —2.0 
I201;-896 ...| + 1.70 +0.64 =i 16) =e 2! —1I.0 
FO OLE Eales O —0,29 +26 +14 — iO 
£227 —8602..-| --1.43 +0.73 — 10) —— 22 aaa 
E2OLz—OO Fre | ie lO +o0.64 ae == 6 — TO 
1£202'—8075%1- -| 1-25-70 +0.64 +16 +11 —1.0 
422.13 Pate 21527=— 3 w =+6.3=+07010+07005 
+2.52 MatiI9g.547=+101 Ma= —8.9=—O%015+0%0I5 
Comp. Star Br. x y 7 pene 
see oe: bf ae Linde +4/0 —ovoro +0009 
Ge EH OHO? f +3 .6 —3.8 +o0.017 0.008 
Ron CSE f +-3.7 —4.0 —0.007 0.009 
Bek f —2.2 —2.7 —0.007 0.004 
Co eee bf —4.9 —1.8 +o.012 0.004. 
Gr. f —1I.4 +o0.8 —0.020 0.006 
Vie f —0.5 +6.9 +0.015 =0.007 
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ADRIAAN VAN MAANEN 


14 
Boss 2881 =To14g™205 56=+20°57’ 
Pl. No. Date t Obs. Qy p m Remarks 

so7;.../1915 April 6 |— 2°5 | vM ToAn l= ONG 5 Sills On 217) 
EO7aaen 6 |+ 2.0} vM {20 ))|—on S56) qo, 27) 

508... 6 |+ 8.2 | vM fg |—o.556 |+0.27 | Trail 
TG 018 0 Dec. 6 |— 8.0 | vM fg. |--0.0907 |-F0.93 
TOP oc 6 BIE H fg |+0.907 |+0.93 
7701r-- + 7 |—10.7 | vM g  |+o.g907 |+0.94 
7792. p=" Oeg |) VAN & |+0.907 |+0.94 
798:...|1916 Jan. 11 |— 5.2 | vM g |+0.685 |+1.03 
7082... Iz |— 0.7 | vM fg |+0.685 |+1.03 
OUes wr April 24 iio || Lal {2 |—0-765 isso 
QI22... Dy ds || Sedat Ci On7 05am 
ORS 06 6 2A Ong H a= On OSM ett se 

Mor.-Ev. Ap Am M v At 

77 OrsOL 21 ee ete te 7) Ons +56 + 2 —2°7 

HG OUPb ios 9 o\| {Pe OY/ —On39 +53 Se SAS 

7792-5071.---| +1.46 +0.67 + 7 +11 —4.2 

7OSi=O LS ee ales ONO) +41 —4 —5.9 

HHA -SOVb is 6 oll Seta +o0.66 —4 — 1 —4.5 

TOI GOS Soo 6|| See || axon Ge —21 yy | 


+1.84 Mat 1.187T=— 68 


7 =+20.8=+07034+0”002 


+1.18 wat13.487=+220 Ma= — 50.3 = —07082+0/006 

Comp. Star| Br. % y 7 PE: 

Tis, eee f +3/8 +3/4 +o0’o21 +0007 
PRIOR Ain f +7.8 —1.6 —©.010 0.010 
Reena b +1.4 —S:4 —0.012 ©.009 
Aicameectece f —5.5 —4.4 -++0.005 ©.007 
Sion eee bf —1.6 —1.4 +o0.022 ©.005 
One tet f —4.1 +3.6 —0.016 ©.005 
TS ayes f —3.0 +41 —0.010 +0.004 
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DETERMINATION OF STELLAR PARALLAXES 15 
Boss 3078 a=11h36m228 d= +32°r8/ 
Pl. No. Date t Obs. Qy p m Remarks 
4603r../1915 Feb. 6 |— 8°5 | vM | gas |+0.535 |+0.10 
4632... (Ove | eta i) Nel Pe tOuse Salat On lO: 
464 6 |+ 4.0] vM g |+0.534 |+0.10 
405 .. 69.5") oot fg |+0.534 |-+o-10 
899x../1916 April 23 |— 3.0 H fg |—o.595 |+1.31 tee astigmatism 
8002. . 23 |+ 3.2 | vM ee oy toy eae, Brn of 60-in, mirror 
QO0;x Be =) Sis H g |—0.505 |-+-1.31 
QO02 23 |+13.0 | vM g |—o.595 |+1.31 | Trail 
O14: Py TN nee | AAW b g |—0o.605 |-+1.32 
QI42 24 |= 1.0 H 20. 005 4|4-1.32 
Q5I May 25 |+ 9.2 | vM f |—o.880 |+1.40 
O52)... 25 |+14.0| H f |—o.880 |+1.40 
1265 ..|r917 Feb. 12 |— 2.5 | vM fg |+o.449 |+2.12 
1267 eo olatce | alli fg |+o.447 |+2.12 
1278 ™3 |+ 4.7 | vM fg |+o.434 |+2.12 
1279 13 |+1r.0 | H f |+0.433 |+2.12 
Mor.—Ev. Ap Am M v At 
463:-914r...| $1.14 | —1.22 | +301 +25 | —3°3 
1265 —8991...| +1.04 +o.81 iis} —10) Ons 
4632-0142. ..| -—-1.14 —1.22 +235 —4I =i sis 
464 -8992...}| +1.13 | —1.2t | +267 = 6 |) aPreoe) 
£278 —Q00r.-2| It 03 +0.81 Sey =O) 3 tS 
ACIS OSE cig all Sear tre Se) || GO Grae =rOok 
1267 —QO02= 2 2) -j- 1204. +o.81 —134 + 5 — 36 
1279-952...| +1.31 | +0.72 | —r109 | ri235 VK S.0 


+8 .63 Ma— 2.53 07=—1817 


7 =+ 24.6=+07040+07008 


—2.53 ftat10.817=+ 780 Ma= — 203 .3 = — 07331 +0/009 

Comp. Star Br. x y T P.E. 

Tees Sete f +3/7 +6 —o7ooI +07007 
en ese ff +5.9 —213 +0.019 0.019 
ay Tee f +4.8 —5.6 —0.014 0.015 
vt eee Meee b —1.2 +o. —0.012 0.010 
Biot Sraietons bf —6.9 —3.3 +0,.007 0.007 
(Oe Seve f —6.7 +4.3 0.000 +0.009 
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16 ADRIAAN VAN MAANEN 
Boss 3398 G=73h1™318 6 =+23°0’ 
Pl. No. Date t Obs. Qy p m Remarks 
TOO, ).|2914) Reba 27) 4-50. 5 vve fg |-+-o.562 |+0.16 
Tite May 17 |+ 8.0 12 f 7a —On ROO -Onse. 
TICE cae Tie) G P fg |—o.596 |+0.38 
ey ea ney leroy safe: P fg |—o.608 |+0.38 
TY a TRS tote 1? g |—o.608 |+0.38 
MOP solos Ie, Waliar 7h H f |+0.782 |+1.10 
468... 6 |+ 9.7 | vM f |+o0.782 |+1.10 | Trail 
ABE 5.56 7 \+ 1.0 | vM fg |+o.771 |+1.11 
Olin e Mar. 8 |+ 6.0 | vM g \4-0:445 |--1- 210 
Oo mee 3) [apie ny) c { |+0.445 |+1.109 
SAS 3 oc [fei ey |e ee || idl pf |—o.773 |+1.42 
SAG eee Be lap 20 || Nil CO |= O27 824 -ee4s 
Mor.-Ev. Ap Am M v At 
TOOSISAy rane qe. wy Ona? 20: a= 8 —2°5 
483-553 ->--. sich 5 (an er OS ZU mates 24. Sane? 
467-538 +150 = Ona _ —24 +1.0 
Foe SIB i no ae +1.04 +o.81 + 67 ot nO 
468-1342..... +1.39 | to.72 | + 59 —22 | +1.7 
O21 tae +1.04 +o0.81 +110 +32 —4.0 


+2.09 Mat 1.427=+169 
+1.42 Mat 10.29 T=+348 


wT =+25.0=+07041+0”009 
Ma= +63 .9=+0%104+0%021 


Comp. Star 


aABWN H 


Br. 


204 


P.E. 


+07007 
loos 7) 
©.019 
0.014 
+=0o0.010 


DETERMINATION OF STELLAR PARALLAXES 17 
Boss 3736 a= 14h33mz08 6=+18°44’ 
Pl. No. Date t Obs. Qy p m Remarks 
567 ...j1915 July 2 /|+ 6°7 | vM fg |—o.830 |+o0.50 | Aperture 60 in. 
581 . 3 i+ 7.5 | 7M TE Ors 7) -Ousit 
582 . eileen || ge fg |—o0.837 |--0,51 
BOpiaae 4 |+10.5 | vM pf |—o.846 |+0.51 | Seeing poor 20™ 
$33.=..|1910, Maro1i |— 15.0 H g |+o.716 |+1.109 exp. Trail 
841. 2A eeu eal f Ons Satan ee 
842. A eS Ve fg |-++-o.557 |+-1.23 
843 . ZN HGS || el fg |4-0..587 |+-2.28 
861: 25 |+ 6.5 | vM g |+o.54r |+1.24 
8612 ZS |p peuidas 2 H g |+to.s5ar |+1.24 
8771 26 |-+ 6.7 | vM g |--0. 526 |\-- 1.24 
8772 FA) RIOR os H g |+o0.526 |+1.24 
063 June 22 |— 3.0| vM g |—o.743 |+1.48 |\Some astigmatism 
964 220 | arey H g |—o.743 |+1.48 |{ of 60-in. mirror 
978 23 1— 2.0 | vM g |=o.754 \--2 748 
992 24 |\— 0.5 | vM g |—o.764 |+1.49 
Mor.-Ev Ap Am M v At 
SAr—O03 eee +1.30 —0.25 +46 —-S —10°0 
SAO Oi One: = ee Hl O25 +70 +15 = 5.8 
833 -992 E487 10.130 +46 10) e455 
O42 —O04e sat. Eng O SOG +64 pute = 2 
8611-567..... fone 7 +0.74 +30 erase = O.2 
cup peaite lida 5 =a 0.73 a= ae =) (8);,8) 
8612-507 Fao) 0573 Eran Bp} ap @x/7 
S77 Sole eels, 0.73 +14 = 8 —— Ons 
2.41 fet 2.587=— 9 mw =+34.0=+07055+ 07005 
+2.58 wat14.807=+399 Ma= —40.1=—07%065+07012 
Comp. Star Br. x y 7 P.E. 
cat eee f +7/6 +5/2 +0009 +07004 
Day Sees ff +4.0 —6.7 —0.002 0.002 
a8 See f i. eA! +0.008 0.007 
YN aie te ae f —8.6 —o.1 +o.009 ©.007 
iS haeens f —2.5 +2.2 —0,.024 +0,OII 
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18 ADRIAAN VAN MAANEN 
Boss 3816 a=14hs2™268 6=+0°14’ 
Pl. No. Date t Obs. Qy p m Remarks 
860;..|1916 Mar. 25 |— 9°0 | vM fg |--o.627 |--0. 24 
8602. . 25 Alois H fg |+o.617 |+0.24 
8761. . 26 |— 9.0 | vM g |t+o.604 |+0.24 
8762.. 26 |— 4.5 H g |t+o.604 |+0.24 
965:.. June 22 |+ 3.0} vM g |—0.698 |+0.48 
9652. . 22) |e s H gas |—o.698 |+0.48 
0701. - 235 On, H g |—0.708 ||4-0.48 
9702. . 23 |+ 3.5 | vM g |—o.708 |+0.48 
980 .. De Wi (3 H g |—o.708 |-+-0.48 
9931: - DAWN = Or2) | GEL gas |—o.719 |+0.48 
9932. - 24 |\+4-5 | vM g |—0.719 |+0.48 
1301 ..|/1917. Mar. 15 |+ 5.5 | vM Sl -On 7a 5m er 
13161... 16 |+ 2.7 H fg |+0.724 |+1.21 
13162.. 16 |+ 8.0] vM fg |+o.724 |+1.21 | Trail 
Mor.-Ev. Ap Am M v At 
8001-0701 el ictal S One +40 +17 | —8°3 
S701 003r ae eat tase =O. 04 = &. =D =On2 
8602-9651. ..| +1.32 Ono +28 +5 —7.5 
8762-9702...| +1.31 Ome Sey) + 5 —8.0 
T310;-0932. 1) 2-44) | 120873 +68 = & Sie) 
1301 —9652...| +1.43 OS +55 —15 20) 
1316-980 ...| +1.43 =1-On73 +87 a7 =), 5 
+1.83 Mat 1.867=+132 mw =+25.5=+07042+ 07006 
+1.86 Ma+13.12m7=+421 Ma=+46.2=+07075+0%016 
Comp. Star} Br. % y 7 PLE. 
TNivataeteee f +4!o +5/8 —o’orr +07003 
OOS 6 f SRB ek —2no +0.028 ©.009 
Bet Renee b +0.5 —4.4 —o.018 0.004 
OO donee b SiOe jie tet —0o.040 0.020 
Singay Sanens faze f —T.2 Sate +0.035 0.013 
Our euter bf —6.0 +1.6 +0.007 +=0.007 
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DETERMINATION OF STELLAR PARALLAXES 19 


Boss 3867 @= 15h7m378 6=+10°21' 
Pl. No. Date t Obs. Qy p m Remarks 
Io2:.../1914 Feb. 27 5co0 | vM g |+o.808 |+0.16 
ROD acy 27 |— 1.0 £ fg |+0.8908 |-++o.16 
PAT June 16 |—'2.0} Sh g |—o.569 |+0.46 
PA Tacr TOs le a5 H fg |—o.571 |+0.46 
504"..:|n9r5' Mar. 8 j4- 3.2 | vM fg |+0.848 |+1.19 | Two exp. super- 
SOS >a: 5 8 |+11.0 | vM f |+o0.848 |+1.19 posed 
STOy April 6 |+ 4.7 | vM fg |+o.525 |+1.27 
BTOgeo @ |-- 9.5 |) vM 12 (Osseo slate eal bral 
Aron. June “3 |= 2:5 H f |—0.376 |+1.42 
Rat aec Bal me eer aL f{ ft—0.376 |+1.42 
CA2 ee le ov iae H pi |—o.376 |+1.42 
5561. .- Aol ee OniaviNe SB [3 9239b 0.43 
5562... A enekey/ || al fg, | =0.308 |i 43 
Soy 4|+ 3-5 | vM-| ig |—o.gor |+1:43 
508:... July 2/+5.2| H fg |—o.758 |+1.50 
5682... 2 1-1-8042) | Vi 2 (SO. 788) aes Ro 
834:...|1916 Mar. 11 |— 7.5 | vM g |-+o0.810 |+2.20 
OR Agen es eee 7) H g {--o.810 |--2.20 
O26r sai Ir |+ 2-5 | vM fg |+o.810 |+2.20 
8352... 1h a be KS H g |+o.810 |+2.20 
Mor.-Ev. Ap Am M v At 
$347-556r. ..-| --T.20 +0.77 +21 +20 —2°5 
Hier ty Ming on || eae SAG Un — ais = 255 
834o-I4Ix....| +1.38 +1.74 +27 +26 =—0.7 
IO22-5502....| +1.29 —1.27 +ar +17 —0.3 
et RE RS 5.\) apse) jl) GHen7fs) 30 =) |) SRO 5 
eV? rs ouch, aoe —0.24 —I0 —12 =O 
BLO EA les. - al =-1 LO. +o.81 —25 — 26 +1.2 
8352-568:....| +1.57 | -+o.70 — 3 = Gh Spied: 
RTO. 5420 eel t-O1.00 Ons +19 qPuy || aP208 
oi = oer co || arisen —0.31 Se +14 +0.8 


+8.76 wat 2.067=— 6 


gw =+2.0=+07003+07006 


+2 .06 fat16.647=+31 Ma= —1.2=—0%002+ 07009 

Comp. Star Br. x y 7 P.E. 

Tiapay peieueess ff —1/4 2/5 —olo12 +07009 
De A ty Ne f —3.6 —o.4 +o.007 0.005 
Beaters ser f —2.6 —2.5 0.000 0.004 
Vibe renee eat bf +1.1 —2.9 +0.001 0.006 
iG cveyarsyee ears f +4.5 —1.9 —0.001 0.005 
Ojeret toca bf +3.4 +6.0 +0.005 +0.005 
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ADRIAAN VAN MAANEN 


20 
Boss 4130 a=1628™z08 6=+5°17’ 
Pl. No. Date t Obs. Qy p ™m Remarks 
OST eae LOS are) ULV ANG mics 15m mae fg |—o.603 |+0.5r 
Bose Bh ii Genre || Jel 129 —OnGOZ sIFR Osx 
5 84x 3 |+ 4.2 | vM gc 0008 4\—-On5r 
5842... 2 | 8.5 H g |—o.603 |+o.51 | Trail 
S207 eee) | LOL OM Lale ates | 7a evel Se -OnOgs ul feo 
83 Ornes Lr |-++ 2.5 Jal © 402083 Fp ta20 
8621 25 |— 6.0 | vM Ca -Ors4Oulejueee sf 
8622 A i ai H CF - Oregon aate 24 
863: 25 |+ 4.0} vM Gol Osogo lakes 
8632 25 \4- 8.5 H g |+0.838 |+1.24 
864 25) |\-139.5))|) vil fe i oynreyero) || 2 
880 April 22 |— 7.7 H g |+o.514 |-+1.31 
966x une} 25 —TOrowl eve FON AS 7a eo 
9662 22 \——" 2,0 H g |—0.457 |+1.48 
967 yp) Nes 3, 6) || AFM g |—0o.457 |--r.48 
982 230)\—-1.0). On| avIVE fe onsen aes es 
Mor.-Ev. Ap Am M v At 
889 -966:....| +0.97 —0.17 eh ZO —1°7 
SOR Ne0 co ol) AP akeh |) SROs +47 + 8 | —0.5 
836:-9062....| +1.39 =O) 28 — ° +0.3 
OV Keen oa al] ayellerielt —On7s +36 — 3 —0.7 
SOOO 5 8 6 all apo et Ono) — 4 + 4 —0.5 
8031-5845. fa Eads 1 O78 ois —24 | —o.2 
SORE So oll ae || See). 78 +58 +20 0.0 
LOVER Ao 5 cll Sea git —0.24 +10 +16 SIr4eS 


+2.37 Mat 2.057=+120 
+2.95 Mat 14.807=+189 


7 =+ 3.7=+07006+ 07006 
Ma=+45 .6=+0%074+0/’016 


Comp. Star Br. x y 7 P.E. 

eaves bf 0.7 +3!0 —0’004 +0004 
Dep Pan ette f SP) +4.8 +0.007 0.010 
te aya a NC bf =O) +390 +0.005 ©.007 
Aira apne i On 0113 —0.004 0.006 
St oresiants f 50.4 =3.4 +0.001 0.010 
OKs if 26.3 2D +0.003 ©.009 
hour ff = And Shot -+0.008 ©.009 
5 bf Aas EA —OnOn) +0.006 
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DETERMINATION OF STELLAR PARALLAXES 21 


Boss 4262 a= 16440o™518 d6=+15°56’ 
Pl. No. Date t Obs Qy p m Remarks 
6o51..|1915 July 31 |— of5 |_vM SB) Cathe) |qroess: 
6053. . 31 |-+ 4.0 #* VM g |—0.833 |-+0.58 
606 31 |-+10.0 H g |—0.833 |-+0.58 | Trail 
OO" Aug. 1/|-+ 2.0 | vM fg |—o.841 |-++o.59 | Some astigmatism 
878:../1916 Mar. 26 |—13.5 | vM g |+o.898 |+1.24 of 60-in. mirror 
8782.. 20 |= 0.5 H g |+o.898 |+1.24 
870: 26 |— 4.0 | vM vg |+0.898 |+1.24 
8702 205 -—Ony H vg |+o0.898 |+1.24 
906; April 23 |— 6.5 | vM g |+o.614 |4+1.31 
9062 23 2eO H vg |-+-0.614 |-+1.31 
907. 23 |+ 4.0 | vM vg |+o0.614 |+1.31 | Clouds 20™ exp. 
908 . 23 |-+10.2 H gas |+0.614 |+1.31 | Clouds 20™ exp. 
1006 July 21 |— 9.0! vM g |—o.738 |+1.56 | Some astigmatism 
1007 POA fel tie Nl {| —0.738 |a-2. 50 of 60-in. mirror 
1023 22 1— 7.0} VM fg |—o.749 |+1.56 
1039 23 |— 0.7 H fase i—Oe7 Ole |= -0950 
Mor.-Ev. Ap Am M v At Remarks 
S7or-L000 aa) -b..044} —O732 + 6 —4 —4%5 
Sie 8023 ee ental Ose = Ona = —T —2.5 
SOOr LOO Fieaats ta t= 35 On = 8 =a SD 
O9Or—-t020\ 2 ara 00) —0732 ou +24 —3.3 
906.— 605:....| +-1.45 | +0.73 +30 —10 —1.5 
879.- 619 ....| +1.74 | +0.65 | +50 Si=2 Oma Maelee 3 
G07 — 0057 =.) 1.45) | 0673 Sra = 5 9.0 
908 — 606....| +1.45 | +o.73 | +46 20 oi aleon2 pie on plate 908, 
ar I 


+2.37 Mat 2.39 T=+103 
+2.39 MatiIg.327T=+ 306 


7 =+12.0=+07020+07004 
Ma=+31.4=+0%051+0%010 


Comp. Star Br. x 

5 aA ees rene f +0:3 
CONS ae f +0.7 
Ce ae f +7.1 
A ee f +o.8 
BRS tects bf —0.7 
Oaeec otras: bf —3.0 
Tiger Ae bf —4.3 


SWHOHBKO 
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ADRIAAN VAN MAANEN 


22 
Boss 4307 a=164s509™378 d=+21°7’ 
Pl. No. Date t Qy p m Remarks 
56or..|r915 July 2 |— 8°5 fg |—0o.443 |+0.50 
5602. . 2|— 4.0 fg |—o.444 |-+0.50 
5 70x 2 |+ 2.0 g |—0.444 |+0.50 ; 
5702. 2 \-+ 6.5 g |—0.444 |+0.50 | Trail 
845 ..j1916 Mar. 24 |—13.0 f |+0o.929 |4+1.23 
846... 24 |— 5.7 fg |+o.929 |+1.23 | 20™ exp. 
847... 24 |+ 1.5 fg |-+-0.929 |-+1.23 | 20™ exp. 
Soox.. April 22 |—11.2 fg |+0.659 |+1.31 
8go02. . 22 |— 7.2 f |-++o.6s59 |+ 1.31 
8oIz. . 22 |\— 0.7 f= |-For650 \e-ea 
8912. . 22.\-\-9A\:O ig |-j-0. 6591-2335 
892 .. 22 |+ 8.5 f2) |--o-0s0, jae < ah: 
Too8;. . July 21 |— 0.5 a |=0.754 |4-1.56 
008). . ~ at | 4.0 © |—0.714 |=-E.56 
1024... 22 |— 4.2 gas |—o.724 |+1.56 | Some astigmatism 
1038 .. 23 |— 8.5 fg” |—02736 |4-5.50 of 60-in. mirror 
Mor.-Ev. Ap Am M D At 
SHS eR éal Sritcsy! || apOLye +16 —i7 —A°5 
890;:-1038 ...| +1.40 —0.25 —I4 we —2.7 
8902-1024 ...| +1.38 —0.25 ——o +1 — aa 
846 — 5602. .-| +-1.37 O73 +56 +23 Se) 
8911-1008. ..| +1.37 ——Osan Ea eer Oe 
SY Gi Gifraae|| Sma), | pO +15 —18 | -o.5 
8912-10082. ..| + 1.37 —On2y — 6 ae 0.0 
892 — 5702...| +1.10 | --o.81 +50 +13 +2.0 
+2.49 Met 2.517=+116 7 =— 0.5=—0"001+0”005 


+2.51 Mat14.477=+111 


Ma=+47.1=+0%077+0%012 


Comp. Star 


OOHOHORL 


Onn H OH HH 


DETERMINATION OF STELLAR PARALLAXES 23 


Boss 4480=Bu 8114 @=17>36™598 = 6 = +. 24°34! 


Pl. No. Date t Obs. Qy p m Remarks 

635r--|t915 Aug. 2 |—11°0 | vM fg |—o.714 |+0.59 

6352. - 2\|— 7.2 |#vM g |—o.714 |+0.59 

636:. . 2 N= 2.0 H g |—01714 \--0-50 

6362. . ) 24 2.2 |) ¥M g |—o0.714 |+0.59 | Trail 

go9 ../1916 April 23 |+ 3.7 | vM | gas |+0.780 |+1.31 | Clouds 20™ exp. 

gIo.. 23 |+10.0 H g |+0.780 |-+1.31 | Clouds 20™ exp. 

Q22:.. 24 |—12.0} vM PaO. 7 feels 

Q222.. 24 |— 7.7 H NS eyes arias: 

Q23x.. 24. |—_225 | vM fg j+o.771 |+1.32 

Q232.. 24 |-- 2.0 H fg |-++o.771 |--1.32 

Q24:.. 24 1701 1 ev & |--0.772 |4-p.32 

Q242.. 24 |--I1.2 H Seet- On jen ets 2 

T0OOr. . July 21 |— 1.7 H g |—o.570 |+1.56 

10002. . 2% |-- 2.5 | vM £ |—0o.572 |--1.56 

IOIO;.. 25 | 7-2 H fg |—o.571 |+1.56 

IOIOz.. 21 |--12.0 | vM Be NE OnGyay |S an oe 

Mor.-Ev. Ap Am M 0 At 

Q22:- 6351...| +1.49 +0.73 +7 — 3 —1°%0 
Q222- 6352...| -+1-49 -On73 +18 + 8 —Omk 
923x- 636:...] +1.40 Om +18 + 8 —Ons 
9232-I0001...| +1.34 | —0.24 +19 ar |] apBo7 
909 — 6362...| +1.49 0.72 = @ Es = il ois 
9241-10092. ..} +1.34 —0.24 +23 +7 es 
QIO—IoIo;y...| +1.35 | —0.25 +22 ap || Sean 
Q24z7-1010;...| --F.34 —0.24 + 2 | —I4 —o.8 


+2.35 Mat 3-047=+ 13 tT =+10.8=+0"018+0"%003 
+3.04 Mat16.10T=+149 Ma=— 8.4=—0"%014+0%008 
The 8“5 companion, not being covered by the sector, shows large images on the 
plates. The result of the measures is 
mw =+07022+07008 


Ha= —07031 £07020. 


According to Burnham, the stars have the same proper motion. 


Comp. Star Br x y 7 P.E 

5p) AS eee bf +0!/5 +3/7 +o’o1r +07008 
Poe Pooh eee bf +3-3 +4.7 —0o.0oI ©.004 
ce eee f as At 0.000 0.005 
Peet ts oe f 2.5 —5.8 +0 .005 0.006 
Ie EE f —0o.1 — W264 +0.002 ©.010 
Eee ee f —1.6 —2.6 —o.026 0.007 
Wie ee Teer bf —2.1 —o.I +o0.008 0.006 
oP peer ae f —4.0 +0.5 +0.019 0.009 
Onto ais bf —1.5 +4.5 —0.017 =0.004 


24 ADRIAAN VAN MAANEN 


Boss 4629 C— Ten RAS 6=+24°24/ 


Pl. No. Date t Obs. Qy p m Remarks 

637:../1915 Aug. 2| —o'2} H g |—0.599 |+0.59 

OR yee. 21) 4.04) vine g |—0.599 |+0.59 

Os2ie. 3.| —4.0 | vM g |—o.613 |-Fo.50 

On 2aee Be itt) H g |—0.613 |--0.50 

803 =.|2016) “April 220057 H fg |+0.875 |--1.31 

894 .. 2) abe salle vv ff toyralylt |aaae. Zi 

8905 .- DN seer |p lel f |-+-0.875 |--1.31 

020:.. May 9/1 —8.0] H g |+o.703 |+1.36 

0202... 9 | —4.0] vM g |t+o.7or |+1.36 

Q30r.- . @) | sei. 5 H fg |+o.7or |-+1.36 

Q302-. 9 | +6.0| vM fg |+o.7or j+1.36 

938 .. 22 — 2 rom! me Zl eOn 5S Lala tes 

1054r.. Aug. 3 | —4.0 | vM g. |—0.622 |+1.59 

10542... 2 || seen. H g |—o.622 |-+1.50 

1068 .. : 4 | +1.0| vM fg |—0.636 |+1.60 | Thick 25™ exp. 
Trail 

1070 .. BL On H fg |—o.648 |+1.60 | Hazy 25™ exp. 


Mor.-Ey. Ap Am M 0 At 
0201-1070 =...) 1235 —0.24 —4 + 2 —1°5 
803° 0521.42) +1 +40 +0.72 +29 12 —1.7 
Q202-10541...| +1.32 O23 = A Siaee °.0 
TIMOR a olf Seo ue +o.80 Sey 9 aS Teste 
S04 105A see ate SO —0.28 + 8 +14 —2.0 
9301-1068 ...| +1.34 —O124 ioe 7, —aOn5 
SOS = OSs ool) SPO -+-0.72 +7 —10 oz 
CHO WORio oo! Seo ee On 77, ae & — 13 a 2nO 

+2.52Mat+ 2.687=+58 7 = 0.0= 0'000+0%004 


+2.68 tati5.027=+62 Ma= +23 .0=+07037+0/010 


Comp. Star Br. x 4 7 P.E. 

I. f +o-1 +314 +0%023 +07%004 
DS ao f “14.7 =n —0.027 0.006 
leven eter b +3.3 +0.3 +0.010 0.010 
Pe rirdobngre f +4.7 —3.4 +o.018 0.012 
Sites f —1I.1 —4.3 +o.004 0.012 
Ont f nO Hl) —0.014 0.010 
7 Racer ec f —2...5 SORA: —0.003 0.016 
Se ace: f —2.5 +1.8 —0.O41 0.014 
ORE eat f SBS Sans +0.033 0.006 
TOMS es ff —0.7 +o0.5 ©.000 +=0.015 
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DETERMINATION OF STELLAR PARALLAXES 25 


Boss 4647 a=r18hr7™368 5=-+51°78’ 
> PlNo: Date t Obs. Qy p m Remarks 
| 

622;../1915 Aug. xr |+ 5:0 | yM PO 00575 aetO1 50 

6223.. BCG cee et fg |—0.578 |+0.59 | Trail 

653:.. 3r tO. 7s vi & |—0.003" |=-0..50 

6532. . gy RAE SIS H FO 002m a -OnsG, 

9309:..j1916 May 22 |+ 4.0] vM fg |t+o.541 |+1.39 

9392. . 22 |+ 8.0| vM S~ |0.539 |r. 30 

040 .. 24 |+ 1.0} vM f |+o.510 |+1.40 | 20™ exp. 

Q50r. . 24 4-70: | Al fg |+o.510 |+1.40 | 20™ exp. 5™ with- 
out sector run- 
ning 

Q502.. 24 |+15.0| vM fg |to.510 j|+1.40 | 25™ exp. 

Q50x.. eel ——aeleecoy ||| ARAL g |+0.496 |-+1.40 

90502. . 255 |——rOas H g |+o0.496 |+1.40 

TOSS 4. Aug. 3 |+ 6.0 | vM g |—o.616 |+1.59 
1066... 4 |—16.5 | vM g |—o.627 |+1.60 | Thick 25™ exp. 
TOOF 4 |— 9.0 H g |—o.629 |+1.60 | Thick 25™ exp. 
Mor.—Ev. Ap Am M v Al 
9591-1066 ...| +1.12 —o.20 SAS —4 +1%5 
O507-1007 eo Lats —0.20 33 Se di Sis 5 
040 — 622;...| --1.00 +o.81 a8 =egi ARO 
@301-1055 a | = = LO = On20 +30 ae il —2O 
O50r- OSeras|| aire ne —-OnoE icy 00) Ong 
O302— 6223... |) i 22 +o.80 ae OF se 4 aay 
G50 O53700 a) 0-1 a kd 0.8 — 14) — 10) aPB. 5 


+2.74Pat2.907=— 10 


gw =+21.0=+07034+ 07008 


+2.90 Ha t8 .78 7 =-+ 109 Ma=—25 .9=—0%042+0/015 

Comp. Star Br. oe y 7 P.E 

5 As ete bf +-0.3 +2/6 +07005 +07006 
Diane, MeN e f +4.4 +1.4 —0.020 0.017 
eRe reer ae bf +4.4 —1.0 +o.018 0.017 
Ae Tae ocioe f —1I.0 —1.9 +0.007 0.017 
Oe cece ff —1.6 —3.8 +0,001 ©.007 
(nen tea f —2.6 —o.1 —0.020 0.023 
GER oe b — Ano +3.0 +o.oIo0 =0,012 
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26 ADRIAAN VAN MAANEN 


Boss 4892, 4893=Bu 9137. 4=19'9™z0® = 6 = + 49°40’ 


Pl. No. Date 1 Obs Qy p m Remarks 
673.../1915 Sept. 1 |—15-0 | vM f |—o.794 |+0.67 
674:.. I |—I10.2 H fg |—o.794 |+0.67 
6742. . 1|/— 6.0] vM fg |—o.794 |+0.67 
WR o- rile ex). |f, 18l L207 704M ORO 
940:..|1916 May 22 |+ 2.7 | vM fz |-+-o.7or |+1.39 
0402. . 22 |+ 6.7 | vM fg |--o0.%or |4-1-30 
Q6or.. 25 |—17.0 | vM fg |+o0.664 |+1.40 
9602. . 25 |—12.2 H fg |+o.664 |+1.40 
QOIr.. 25 7.0 | VM g |+0.664 |+1.40 
9612.. 25 |— 2.2 H g |+o.664 |+1.40 
9621.. 25 |+ 3.0 | vM g |+o.664 |+1.40 
Q622.. Sele e/a H g |+0.664 |+1.40 
IIOO;.. Sept. 20 || 0. 0~|) VM fg _|—0.045 |+1.73 
TIOO3n. ‘ 20 |+ 4.0} vM fg |—0.945 |+1.73 
TLOles 2ON|aieO ee H gas |—o.945 |+1.73 | Trail 
Tee 21 |+ 0.2 | vM fg |—0.948 |-+-1.73 
M M v v 
Monrey ae ae (4892) (4803) | (4892) | (4803) i 
CWlor— (Wi au oo ac +146 |) +-0272 —II — 3 1-20 +28 —2°0 
Q00;— O7 450.56. = ier OW ect Ome7a 50 —49 110) — To =2,0) 
QO OP Rs.c a soc SPrEAO | SPOn Gg —36 —325 an = 4 — TO 
Qe WHE aaccoc Set) || SEOngs: —27 35 + 4 — 7 S152 
Q40r-II00x...... SRW KOR |) =O. 374 +72 +70 = ¢ — 5 +2.7 
QOA IY 5 5.4 co see |) ese +81 +81 a5 5 ap 8 2.8 
Q402-I11002...... +1.65 | —0.34 +78 +69 ° — 6 +2.7 
0022-1 O ler +1.61 | —0.33 +74 +75 —-— 2 + 2 —1.7 
+2.58 fat 2.10T=—193 (48 Bice (Geen) 
+2.10 MatiIg.147=+316 ce +299 4993 
(4892)(" =+27.1=+0/7044+ 07003 (4803)1" =+26.0=+0"042+0"004 
Ma= —96.8= —07158+0/009 93 Ma=—95 .2=—0/7155+ 0/011 
Comp. Star | Br. 0 y T PB. 
ah satay svrerereis f +ol1 +1/o —o7009 +07006 
PBR. Geta Cte f +0.8 +3.7 —0.001 0.007 
ie eh a ee b +2.9 Ons +o.o11 0.006 
Peace f 0.0 — 20) ORO ©.008 
Graco rt f —1.1 —5.9 —0.001 0.007 
Oneereserin: bf 3H + 1.5 +0.020 0.007 
Seawater tele bf OM Sethe, B —0.012 =0.008 


DETERMINATION OF STELLAR PARALLAXES ay 


B.D.+35° 4001 & = 2046™208 5=+35°53" 


Pl. No. Date t Obs. Qy p m Remarks 
699r..|1915 Sept.29 |— 9°5 | vM g |—0.898 |+0.75 | Some astigmatism 
6902. . 29 |—-4.2 | wM fg |—o0.898 |+0.75 of 60-in. mirror 
7LOce. 30 |—10.0 | vM fg |—o.903 |+0.75 
7162... 30 |="620)| vt fg |—0.903 |+0.75 
973r--|1916 June 22 |— 8.0 | vM g |+o.469 |+1.48 
9732... 22 |= “460 H g |+o.468 |+1.48 
Q74:.-- 22 |+ 2.0] vM vg j+0.468 |+1.48 
0742. - 22 |-++ 6.0 H g |+o0.468 |+1.48 
O75: 22 |+11.0} vM g |+o.468 |+1.48 | Trail of Boss 5210 
9871.. 23 |—11.0{ vM & 440.453 |4-1-48 
9872.. 5a ae ora a = | g |+o.453 |+1.48 
988 .. 238 — srs ala VV g |+o.453 |+1.48 
1084... Sept. 19 |-+ 4.0 | vM fg |—o.827 |+1.72 | Clouds 20™ exp. 
1085... 19 |+10.5 H g |—o.827 |+1.72 | Hazy 20™ exp. 
TIO2z.. 20 |+ 2.0| vM WR EPOSRO ai. 72 
IIO22.. 20 |+ 6.5 H g |—o.836 |4+1.73 
Mor.-Ev. Ap Am M v At 

987:- 716r...| +1.36 | +0.73 +24 se @ || SxS 

973x- 690r-.-| +1.37 | +0.73 +20 ap oe il aries 

9872- 7162...) +1.36 “| +0.73 +18 et 3 ito O27, 

O732- 000s se le -e 3 7, Om = & = RE Ei One 

088 —4102:.. .|| --1. 20 —O-25 +20 13 are 

974r-1084 ...| +1.30 —O. 24. +23 +16 —2.0 

O74Z-TLO22 4) 1-030 0525 Sg =22 —=On5 

O75) 10055 eile E30 —0.24 ap & Ama |-On5 


+2.36 met 2.717=+ 34 T =+7.0=+07%011+0%005 
+2.7I Ma tiI4.197=+117 Ta=+6.4=+0%010+0/013 


Comp. Star Br. oe y cg PE: 

bee Ses bf 12 +1/8 —o!lo18 +0/013 
Date de iets fa f +4.5 +0.4 —0.O11 ©.007 
aa eh argent es f +2.9 —T-1 +o.009 0.008 
Ape earl ae bf +0.7 —2.1 +o.o11 ©.007 
Bee esis bf —1.6 —o.1 +0.003 ©.009 
OR tay. i 2,2 —f.2 +0.002 ©.012 
ccna oe f —4.0 —1.1 —0o.014 0.014 
Seer f —o-4 +3.4 +0.019 +0 .009 
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28 ADRIAAN VAN MAANEN 


B.D.+35° 4013 a@= 2028mgs 5=+436°! 


Pl. No. Date t Obs Qy p m Remarks 

O61 wl ODS AUS eg tee apenas H g |—o.602 |+0.67 | Hazy 20™ exp. 

678:.. Seow, wise Cee H fg |—o.616 |-+-0.67 

6782. . 1 |+13.0 | vM fg |—o.616 |--0.67 

688 .. 2 \+12.5 | vM f |—o.629 |--0.67 

989r:..}1916 June 23 |+ 4.7 H g |to.458 |+1.48 

9802. - 23 |+- 9.0 | vM g |+0.458 |+1.48 

990 .. 23 |--13.5 H g |+o.458 |+1.48 

LOOM DYN Wii BP H vg |+o.444 |+1.49 

10021.. DA Nae Aes H g |+o.444 |+1.49 

I0022.. 24 |+ 6.0 | vM vg |+0.444 |+1.49 

1003 .. PYM a @ Ke) H g |+o.444 |+1.49 

IIIQx.. Sept. 21 j— 0.5 | vM fg |—o.838 |+1.73 

THI SIROYSY 21 |= -3>5 H fg |—o.838 |--1.73 

DIZOee De Nee Upery |i aig h fg |—o.838 |+1.73 | Clouds 10™ exp. 

Mor.-Ev. Ap Am M 0 At 

IOOI —1IIOx...} +1. 28 Seat. S18 ie —2°0 
IOO2;-IIIQ2...| +1.28 —O,24) + 2 +7 —1.0 
OSOrs- 1 L20ne | sO 0725 = ae —2.8 
To02,- 678: ..| +1.06 +o.82 SDE: — 5 —2.2 
9892- 661...| +1.06 +o.81 25 — 2 —2.7 
1003 — 688 ...| --1.07 +o.82 See + 4 —1.5 
990 — 6782...| + 1.07 +0.81 +29 ar Ee Ons 


+2.84 pet2.537=+92 @© =+ 1.5=+07%002+0"003 
+2.53 Mat9.49T=+93 Ma=+31.1=+0%051+0"006 


Comp. Star] Br. x y ™ PB, 

5 i AK ee ay f +o!r +e2!1 —o0’020 =+07004 
Beh wal roe bf Sees) 2.1 +o .009 0.006 
Bor bf +1.6 —0.7 +0.007 0.010 
7 rece a aie f +2.6 —1.0 +0.003 0.014 
iS ninete oles f = ROny 3.4 —0.009 ©.009 
Gir bf =O ss —1,8 +0 .007 ©.009 
icc bf —2.6 =0.5 +0.001 0.005 
See bf OT +3.2 +0.002 +=0.000 
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DETERMINATION OF STELLAR PARALLAXES 20 


Boss 5433, 5434=Bu 10732 a@=2thoM20s8 and 21h2™268 5=+38°15' 


Pl. No. Date t Obs Qy ~ m Remarks 
336 .../1914 Oct. 14 |+ 8°7 | vM f |—o0.885 |+0.789 
aan. T4 |+14.5 | 4H f |—o0.885 |+0.7809] Trail 
AGE VP tie! Bee) |} NAW fg |—o.890 |+0.792 
AGAR sc 15 i+ 4.0 | vM fg |—o.890 |+0.792} 5434 not measured 
576:.../1915 July 2|— 6.0] vM g |+o0.531 |+1.504; on account of 
By Ga0 a 2 ("1.5 H g |+o.531 |+1.504] defect in plate 
577 2 i+ 3.7 | vM g |+o0.53r |+1.504 
57 2|+ 9.0 Ei fg |+o.529 |+1.504 f 
579 2 |+13.5 | vM fg |+o.529 j+1.504| 5434 behind 
505 3 |+-12.0 H C05 LOs-t507 sector support 
5952 3 |--16.27)|) VM fg |+o.516 |+1.507| 5434 behind 
6or: N= Bias H f |+0.504 |+1.510] —sector-support 
OOIg. 50 4|/— 2.0] vM “f |+o.504 |-+1.510 
FOO toe Sept. 29 |—11.0 | vM | gas |—o0.763 |+1.748 
710r.. 30 | + 5.0] vM fas |—0.773 |+1.751 
71Q2.. 30 |+ 9.0} vM fas |—0.773 |+1.751 
3 Gre. Oct. 1/— 7.5 | vM fg |—o.781 |+1.754 
7352-- Pes. okt fg |—o.781 |+1.754 
M M v v 

pea a i (5433) (5434) | (5433) | (5434) se 
OOl-7O0u 6 ex T2078 — Ones one —— 377 oe —21 — 5 +4°5 
Sy baisiaey 6 Geos 46 —+-1:312) |—0.250 | — 300) | — 382 —21 = 9 *| +15 
OOER-7 3522000 ee —-L 205) |—0, 2445) — 400) | 382 — 39 —I09 +1.5 
Be Os=o'5 Ur weer ae EA tal t-On 7 flee --2 1321-2004) +26 +20 =o). 5 
fy) SOUR es So Ol aol Oe [Pen || SPA). 69.4 oan em eye Neseooged —0.3 
SUS = 7s noice =a otse =e ory) || = for || > 2e36) apo +28 +4.0 
ROSi=330) wae cee +1.401 |+0.718 | +2084 | +2068 —34 —17 FPSB 
yO a Oo. fO Oc =+-DN3O2" (07247. |) — 93 ET) |e eunerenere Foie logacones +4.5 
Ware Cy he a.0 Om oe -+--1.40r |-+-0.718 | +2005 |........ 2 2 a ener +1.7 


--2 348 Mat 2 .448 T= Teast sass) +1.264 Mat 0.752 pa fer) 
+2 .448 Mat16.331 T=+9524 +0.752 Mat io.6547= +3988 


( ) gt =+ 199.5=+07325+0"011 ran mw =+ 196.3=+07320+07008 
5433 Ma=+2559-.4=+47169+07028 Ma=+2520.9=+47107 £07023 

Comp. Star Br. % y 7 P.E. 

Then teieciete f +1/2 +0!4 +o07018 +097008 

Dewirsce tones f 6.2 1.2 —0.002 0.008 

ee cae oy kere bf 1.5 +2.6 +0o.006 0.007 

Pewee one f —3.0 =+-4.3 —0.009 0.006 

IG SratinF eesee G bf —5.2 +0.7 +o0.004 0.004, 

Gioienatepspete i — 2 —O75 —0.009 0.010 

eee ee b —2.1 —5.2 +o.o10 0.005 

8 f +3.6 —3.8 —0.015 +0.01I 


30 ADRIAAN VAN MAANEN 


Boss 5682, 5683=Bu 11514 a=2251™498 and 22h1™568 6=+82°23' 


Pl. No. Date t Obs Qy p m Remarks 
303x..|1914 Oct. 12 8°0 | vM f || =o.725"—one2 
3032.. 12) |=" 32 0ul Wek fg |=-02725 |—6.22 
304r.. 12 |+ 4.0| vM fg) |—0.727' |—0.22 
3042. . 2 |-+ 90.7 H fg |—0o.727 |—0.22 
TOL oon TOLOM | ULye eon wns Om meVayL fOr r202 el eai5 6 
TOL7 2. 21 |— 0.5 H fg |+o.462 |+1.56 
IOI8;.. ari |+ 4.0] vM f j+o.462 |+1.56 
IOT8,.. a1 |+ 8.7 H { |+o.462 |+1.56 
THORS ob 22 |—10,0 | vM fg |+o.450 |+1.56 
10341. . 22 |— 0.5 | vM &  |A-0:440- 42, 56 
10342. . Pp) Neyo 3.47 H vg |+0.449 |+1.56 
1048 .. 22) 5- On| vib 2) |-0.436) | ©. 50 
T104r.. Sept. 20 |— 4.0-| vM fg |—0.467 |+1.73 
IIO42. . 20 Chor) lee fg |—o0.467 |+1.73 | Trail 
TLO2IE Nov. 17 |+ 4.0 | vM g |—o.925 |+1.88 | Hazy 20™ exp. 
TO 7 dope 18 |+ 3.0] vM fg |—o.924 |+1.89 
M 

Sek ah Am | (5682) | (5083) | (5682) | (5689) a 
TORR = BoBe 5 oo +1.18 | +2.78 | —149 —118 —18 — A —2°0 
TOL jr OA rete. =0.03 | =0.17 | + 27 == 2 +12 +11 —1.0 
TO4 SOS 2 aaa +1.16 | 1.78 | —2145 Sr —I4 Mt nO 
TOR 75 E1OA tei Ones || SOI || S= == Bi => +7 —0.5 
TORY AUIT 15 5.5 6 8 SUCH || Gateway ta a7: —- 4 — 5 —30 —3.5 
TO34; 102 renee Pie Y El aemOnees ae ee + 44 +10 +19 —0.3 
LOLSr BOAr ace +-L. 10) | --1.78 | —132 Sie =i = 0.0 
TOIS2= 3042.....]) -—-¥.19 | --1-78 | — 08 Sey =F33 Se Sul 


192.95 Hal 9 OM 055] — 836 
1 oo ie beronae eer eee (5683) 


(5082) |" =+ 1.8=+0"%003+07008 (5683) 7 =+ 3.1=+0"%005+0"%007 
Ma=—74.7= —07122+07007 ge Ma= — 66.3 = —07108+0!006 

Comp. Star Br. x y 7 P.E. 

I f +0/8 +5/6 —0,031 +0010 

Diels ae f +2.5 +1.4 +o.012 O.012 

iB oityeNe rors: f ap Gate! -+0.5 +0.017 0.013 

Ait ontreraes bf +1.6 —7.3 —0.012 0.008 

ey Sato ae bf —5.6 —i154 —o.018 0.014 

ONaaate ne i —5.8 +1.4 +0.031 +=0.011 
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gilt 


DETERMINATION OF STELLAR PARALLAXES 
Boss 5691 a=22homy43s 56=+18°50/ 
Pl. No. Date t Obs. Qy p m Remarks 
338..|1914 Oct. 14 |+ 7°5 | vM fg |—0o.74r .|—0. 21 
3382... 14 |+12.5 | “H fg |—o.741 |—o.21 
Ce 5 Msi feet Gg fg |—0o.750 |—o.21 
6208 Bo aa k. On|) Ve Z| =On750) Over 
976 ..|1916 June 22 |— 9.5 H fg |+o.80r |+1.48 
OFF: 22) |" OL VE g |+o.80r |+1.48 
QOIr.. 23° |=" 9-5 | VM g |+0.794 |4+-1.48 
QQI2. 23 |I— 5§.5 H g |-+o.794 |-+1.48 
IO35r.. July 22 |+ 9.2 | vM fg |+o.457 |+1.56 
10352 Fen | ented H fg j+o.456 |+1.56 
I040r. . ACY |S tes: H g {-+0.443 |+1-56 
10402. . 23 |+ 5.0| vM fe Weitere Seite Xe 
1o086x.. Sept. 19 |—11.0 | vM fg |—o.445 |+1.72 
T0863... 19 |— 6.7 H g |—o.446 |+1.72 
TOSF i: I9 |— 1.0! vM g |—o.446 |+1.72 | Trail 
Le eae Nov. 16 |+ 5.5 | vM g |—o.923 |+1.88 | Clouds 20™ exp. 
Mor.-Ev. Ap Am M v At 
976 —1086;...| +1.25 Omen aes +o | +125 
QQIr-10862...} +1.24 6) 21 + 24 +36 —2.8 
Couss soe. || opie lye +1.69 +146 ite Imo) 
077 —1087 ..-] --1.25 —0.24 — 40 —28 —4.0 
EOAOr=) 3522-04) Ls £O Seay] Seg ike) 0.0 
TOAOZ-TIAL son) 1237 One — 32 73 Ons 
ROPES Slsrnes|| Spee) || Spee «|| seg) = 2 pl 7 
10352—- 3382...| +1.20 | +1.77 | +183 SPOR |) Sei) 


+-12).53 Pat 7 O17 = +1134 
+ 7.61 pe f13.217=+ 748 


wz =+ 6.9=+07%011+07008 
Ma=+86.3=+07%141+07%009 


Comp. Star Br. 
1 een Ae bf 
Vk BH Aone bf 
2 aerate f 
Aire? Gans bf 
each ae bf 
(ON, ae aA f 
Te Ree f 
Pohe: Ohe Guatg eee bf 


° 
IIR AWOAY 
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22 ADRIAAN VAN MAANEN 


Boss 5772 a= 22578™o78 56=+20°21' 
Pl. No. Date t Obs. Qy p m Remarks 
200) a |Tor4s NOVs CON a -m5 7m mavavl <7 =O 8031 Ont 
Boeri Il 6.2 | vM 154 OL OOS) NamOnils 
2822. ir |— 1.7 | vVM fg |—0.805 |=—0.13 
BBR coc rr |+ 4.5 H fg |—o.895 |—o.13 | Trail 
OIgr eee LOL Sum Uy as 8.0! vM Soon zo7ic-ouse 
Oneaae 31 |— 3.0 | vM g |+0.397 |+0.58 
6141... 30 | 227 H g |+0.306 |+0.58 
Oita, 4 - 3r |+ 7.5 | VM g |+0.396 |+0.58 
620m Aug. I o.o | vM 2) | t-01 382i C150 
6451... DB Ne 36 04 H g |+0.368 |+0.59 
6452 2 |=) 010) | ve g |+o0.368 |+0.59 
OAGi ear ae 2 H ©1550) 305) Ons 
AO 0 0 6 Sept. 29 |— £.0_| VM g |—o.512 |-+0.75 
7032... 20 |=- 345 |v M @ Ons a2 170.75 
704 . 29 |+ 8.0} vM Ong ral Onis 
GIDE 30 |-+10.5 | vM CN On 523 lct-Ons 
Mor.-Ev. Ap Am M v At Remarks 
6131-382:..... tT e20 |; 7te l= FOO —1 —1°8 
Ole7= 38225 +1.29 | +o.71 | +164 == De i 
O20 /OSu sie arenes) || Ons | ae o + 9 +1.0 
O45: 70324 FOL | —=Oould | se. 7 + 8 | —1.8 | Star 1 not measured 
OIMEKRES coco +1.29 | +o.71 | +190 + 3 —1.8 
6452-366 ..... —+-1.26 | -Fo.73 | ---212 +22 +0.3 Star 1 not measured 
OME TO boo oe 0.90 | On lf |) — ar? —I0 SOG 
6460)-72T +o.89 | —o.16| — 2 — 2 +0.7 


+2.15 Met3 11 T=+538 wT =+ 35.6=+07058+ 07007 
+3.11 Mato.757=+065 Ma= +198.7=+073240"015 


Comp. Star Br. “ y 7 PEs 

IL: 3s SPAR Seas f 2l7 +175 07000 +0%013 
Die vee SPREE f +3.3 +3).3 —0.010 0.008 
FHS RENE f —4.9 +5.8 0.000 0.010 
Ace Ore bf 7 +1.6 +0.013 0.016 
5 eon f ——0 —3.7 —O..020) 0.013 
Ons narceee oe f =oO-3 26 +0.020 0.010 
Tikes bogcee bf +2.9 —A.8 ©.000 +=0.009 


220 


DETERMINATION OF STELLAR PARALLAXES 33 


Boss 5989 a=23hr2Mo8 6=+52°40! 
Pl. No. Date t Obs. Qy p m Remarks 
353x--|r1914 Oct. 15 |— 8°5 | vM fg |—0.526 |—o.21 
3532-- BE) Alco) | vine a Osse On| Oeet 
354 5 |- £25 | VM fg |—o.526 |—o.21 | Trail 
On ee Dec. 9 |+ 8.7 | vM FP | —o70905)||—0706 
647:..|1915 Aug. 2 /+ 6.5 | vM g |+0.566 |+0.59 
6472. . 2 |--I1.2 H g |+0.566 |+0.59 
656: BY pe loge Ie aM g |+0.554 j|+0.59 | Clouds 20™ exp. 
6562 gl Swe H g |+o.554 |+0.59 | Clouds 20™ exp. 
763: Dec. 1 {+ 1.0] vM | gas |—o0.808 |+0.92 roe astigmatism 
7632 I |+ 6.0} vM | gas |—o0.898 |-+0.92 of 60-in. mirror 
764... t |+13.0 H fg |—o.898 |+0.92 | Clouds 20™ exp. 
to1g ..!1916 July 21 |— 3.0! vM g !+0.696 |+1.56 
TO20' 5. 21 |+ 1.7 ial E|--0. 000) |--1 50 
1021 21 |-- 6.0: || VM g |+0.696 |+1.56 
1022 25 |--T007 H fg |+o.6096 |+1.56 
1036 22; \--- 250: |) vi 55-07 685) |-}-1e50 
1037 22 290 Jal © 4-0-6885 |-- 1.56 
Ti Oct. 21 |— 5.2 | H f |—o.616 |+1.81 
1142 Nov. 16 |— 2.0} H fg |—o.840 |-+1.88 | Clouds 20™ exp. 
1164 17 (+ 5.5 | vM g j—o.845 |+1.88 | Trail 
Mor.-Ev. Ap Am M v At 
656:— 353r--.| +1.08 | +0.80 | + 88 +1 00 
6562- 3532---| +1-08 | t+o.80 | + 85 =P |) sFnw 
TOLQ ELIS -5 oy) pb os k —0.25 eo +19 SDP 
1020 — 763:...| +1.59 | +0.64 | + 04 SP 5, lll r@o7/ 
1036 -1142...| +1.53 | —0.32 | + 31 ae@) |) Spee 
TO2E O54 5 oo +1.77 +160 + 2 a hho’ 
647:- 7632...) +1.46 | —0.33 | + 29 PHO. || SPOs5 
1037-1164...) +1.53 —0.32 — 17 0) |) Spat 
1022- 405...| +1.60 | +1.62 +155 == 45 || 422.© 
6472- 764...| +1.46 | —0.33 | + 20 are |p ake 


+7.92 Mat 5.227=+700 
+5.22 Matig.58m7=+922 


aw =+28.6=+0%047+ 07004 
Ma= +69 .5=+07113+0%007 


Comp. Star Br. 
Teenie: bf 
2 eee bf 
gh eet ae f 
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bos een ere £ 
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DISCUSSION OF SYSTEMATIC ERRORS 


The material now available seems to warrant a more thorough 
search for systematic errors than was possible when the first series 
was published. Such an investigation is the more necessary 
because we are dealing here with stars of generally small parallaxes. 
With few exceptions the data are for stars of magnitude 5.00 to 
7.00, of type F, G, K, and M and of proper motion <o7’500 an- 
nually. The influence of any systematic error will therefore be 
more disturbing in conclusions derived from this material than it 
would in the case of nearer stars. 

The discussion of systematic errors can be divided into two 
parts, which may be classed as internal and external systematic 
errors: the first are to be derived from the materials inter se; the 
second from a comparison with other sources. 


TABLE II 
bb b bf f ff All 
Mean 7.....| +07o10 —o0%005 +0%003 —o’oo1 07000 07000 
Mean P.E... ©.007 0.009 0.008 0.008 O.O1I 0.008 
LPAI Seo Ns I I3 69 133 13 220 


Internal systematic errors—Two known sources of possible error 
belong to this class: 

a) A magnitude error, due to the fact that the comparison stars 
are not all of the same magnitude and that the reduced parallax 
star is not equal to the weighted mean magnitude of the comparison 
stars. Ifsuchasystematic error exists, the parallaxes of the compari- 
son stars should show a progressive change with their magnitudes. 

Table II gives the mean parallaxes, their probable errors, and 
the numbers of the comparison stars of different magnitudes used 
in the present paper. No systematic error is revealed by these 
values. The approximate values of these magnitudes are (on the 
scale of Publications of the Astron. Lab. at Groningen, No. 18) bb= 
11.2—11:6;-b=31.7—12.1; bl=T2.2—129 i =1200— pone 
ff=13.3—13.7. While for the brighter stars the probable error 
of a parallax is the same as that found in the first series, that of 
the faintest stars has decreased from 0%014 to oYor1; probably 
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this is due to the entire avoidance of the very faintest images on 
the plates. That no magnitude error is present in this second 
series can also be seen from a comparison of the parallaxes of the 
components of the double stars measured. Table III gives the 
values found in the seven cases. For each of these pairs, Burn- 
ham, in his General Catalogue of Double Stars, states that the two 
components are either relatively fixed or have a common proper 
motion; for all cases we may therefore expect the same parallax 
for the two components. The companion of Boss 4480 was not 


TABLE IIt 
Noms i2 808 Number in Bu.| Ma Beralise am an 
ahs eee a0 G25 | toc f] 8-09 | te.002 
hae ates Sctea 2149 fe ae See 2 LO -+o.oo1 
zat foo wn { $4 | tee yar | 0.004 
ae eae. | 8rr4 oe ee +2.70 —0.004 
ee eae 9137 Soy zea ns +o. 22 +o.002 
ag fae | noise GSR | GRRE} ment | feces 
224, tees T1514 ee eee —0.40 —0.002 


behind the sector; the difference in magnitude of the components 
is therefore 6.46+5.00—8.76=+2.70, where 5.00 represents the 
value of the reduction in the magnitude of the parallax star due 
to the use of a sector with opening of 3°6. It is evident that the 
values of Ar bear no relation to those of Am; in fact, the differ- 
ences in the parallaxes of the components are well within the 
uncertainty of the determination. 

Since in the first series a small magnitude error was found to 
exist, the final correction to the mean parallax for both series due 
to this cause may be estimated to be —o/oor. 
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b) Error due to the neglect of the quadratic terms of x and y. 
An investigation of the existence of such an error was made in the 
same way as in the first paper. The comparison stars were divided 
into 49 groups, according to their positions on the plates, each group 
containing from 1 to 14 stars. The weighted mean of each group 
was then used as the second member of an equation of condition 
of the form: 

+atbx+cyt+dx?+exy+fy?= mean 7 


These equations, solved by least squares, gave as a resulting correc- 
tion to the parallaxes of the central stars +0”0001+07%0005. The 
analogous correction for the first series was +-0’0008 070020; for 
the mean of all parallaxes it is therefore +-070004. 

External systematic errors.—a) A comparison of the parallaxes 
for those stars which have also been investigated by other observers 
affords as yet little material. Six fields only have been measured 
in common with other observers, viz., Boss 592-3, the results of 
which were kindly communicated to me by Mr. Pitman, of the 
Sproul Observatory; Boss 4892-3, for which the parallax has been 
determined by Flint, Chase, Kostinsky, Russell, Mitchell, and 
Jewdokimow; B.D.+35°4001 and B.D. +35°4013, results for which 
have been published by Kapteyn; Boss 5433-4, the well-known 
double star 61 Cygni, for which, besides the results given by Kap- 
teyn in Publications of the Astronomical Laboratory at Groningen, 
No. 24, determinations are available from the Yerkes and Sproul 
Observatories as well as others by Abetti, Struve, and Jewdokimow; 
finally, N.G.C. 7662; neither the measures of this field by Wilsing 
nor the rediscussion of them by Huss are of value for the present 
purpose, however, and it has therefore been omitted. Using for 
the two B.D. stars the mean of the values given by Kapteyn and 
those corrected for a magnitude error,’ and for the other stars, the 
weighted means of the observations mentioned, we have material 
as collected in Table IV. For this comparison corrections were 
added to the observed parallaxes in order to reduce the published 
values to absolute parallaxes. The agreement is satisfactory, 
the mean difference being —0”0006. It is to be noted, however, 


* Publications of the Astronomical Society of the Pacific, 28, 280, 1916. 
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that this comparison is based on five objects only and is therefore 
rather uncertain. 

b) A comparison of the values paposs and paym shows a large 
majority of negative values in the differences paposs— MavM given in 
Table I. The mean difference is —o’009, while in the former 
paper the analogous value was +0”%oo1. It may be remarked here 
that the differences Au. seem to be independent of mw and of pa; 
reference to this point will be made under (c). 

With a perfectly symmetrical distribution of plates during the 
interval a star was under observation, a difference in », would not 
be reflected in the parallax. Since, however, for practical reasons 


TABLE IV 
Designation | Other Obs. PE. vM PE. Others—vM 
Boss 502-3.4...2 | +o%031 | of%or2 +o’o21 o7014 +o’o10 
Boss 4892—3.......- +0.049 ©.006 +0.045 0.003 +0 .004 
B.D. +35°4001....| +o.oo1 0.025 +0.013 0.005 —OnOL2, 
B.D. +35°4013....| -+o0.024 0.020 +0.004 0.003 +0.020 
BOSSi5433-Ao42--1o 3 | -+0.299 9.003 +0.324 0.008 —0.025 


parallax observations cannot be made under ideal conditions in 
this respect, it becomes necessary to see what the influence on the 
mean final parallaxes of a difference in yw. will be. For this purpose 
we may take the mean of the equations of condition, 


Apr+Amp.=M, 


used in this paper; we find this to be approximately 


+1.387+0.23 wa=M. 


From this it appears that we shall have the difference in y, reflected 
in the final mean parallax as a systematic error amounting to 
— 25d, or in our case to —o”%oo18. The parallaxes would 
£3 
therefore require the correction +070018. 
To check this result I also derived the parallaxes of each indi- 
vidual star by using Boss’s values of y. in the equations of condition. 
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The differences found for the parallaxes are very small, except for 
the cases in which the distribution of the plates with regard to the 
time is far from symmetrical, as, for instance, with Boss 5682-3 and 
Boss 5691. The mean correction for all fields in this series derived 
in this way was found to be +070016; for the old series the analo- 
gous correction was —0”0009, while for all the parallaxes it is in the 
mean +070006. 

c) Comparing the parallaxes of both series with those which 
can be derived for the same stars from the tables published by 
van Rhijn,' we find the mean difference for 47 stars (excluding those 
of type O and M) to be —o%o0071. In order to see whether this 
difference is a function of proper motion, the results have been 
derived separately for stars of different u. The differences are 


TABLE V 
Limits of 0%000-0%049|0%050-0%099|0” 100-0” 199|04% 200-0" 499|0"500-0%999| >17%000 
NIC ane ann ete arene 07027 07076 Ov144 07284 07642 57216 
Meanie pete eer +0.006 | +0.014 | +0.020 | +0.035 | +0.056 | +0.266 
Mean) mg sss: +0.009 | +0.021 | +-0.021 | +0.055 | +0.045 | +0.324 
We RaMGNG an aie oeleeti|| yO. 003) | = O00 7 = O01 OL OZONE -OrORTa a -OnO56 
MN patties SKS Pee Rae: 15 13 9 5 2 2 


given in Table V; Boss 5210 was excluded, as this was the only 
B-type star whose parallax was determined by me. All stars 
included are therefore of type F, G, or K. 

Each of the last two columns contains the results for one double 
star, viz., Boss 4892-3 and Boss 5433-4; little weight therefore 
can be attached to them; excluding also these four stars the mean 
difference tyr—aym becomes —o”%o0056. The table presents no 
evidence that the difference Az is a function of the proper motion; 
such a relation, had it existed, could hardly have been attributed 
to the Mount Wilson values, as it would have been accompanied 
by a relation between Au. and yw, which, as was stated under (6), 
does not occur. 

d) The difference found under (c) is considerable; it there- 
fore seemed advisable to compare the values of van Rhijn’s tables 


* Derivation of the Change of Color with Distance and Apparent Magnitude. 
Dissertation. Groningen: Hoitsema, 1915; Astrophysical Journal, 43, 30, 1916, 
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with the directly determined parallaxes of other observers. The 
material available for stars with proper motions less than 0” 100 is 
extremely scarce; collecting all the results for stars of type F, G, 
and K having magnitudes between 5.00 and 6.99 and proper 
motions less than 0/500, there are only 68 stars with 86 observa- 
tions. Table VI shows the results of the comparison for different 
observers. 


TABLE VI 

Observer TyR—T Obs. n 
HGS HAN Eas OE, 5 ey sects ae cue +0008 II 
Rites —0.001 18 
Green WICh: jem Gor eee ese +o.o10 a] 
Jewdokimow..... +0.007 3 
J OSD eth Serre ele ees —0.059 7 
inkl ery ecrorcee ck ncn: —0.031 II 
Mitchell aco ree eae —0.034 6 
RUSSCIER oe ccc oe +o.oo1 I 
Winleeeey ee entero +o.020 14 
METkes ane Bats ee ance +o.002 8 


The mean of all 86 differences is —0”0064. If we compare this 
result with the mean difference of —0”0056, derived from my own 
observations of stars of the same type, magnitude, and proper 
motion, we find a discrepancy of only 0%0008. We can scarcely 


TABLE VII 
Limits of u 0%000-0%049|0%050-0%099|0" 100-0" 199|0% 200-07 499|07500-07%999| >17%000 
AVECATIUL Gro a mates aio 07024 07072 07135 07305 07642 57216 
IN GEN gr eesan nO oer +o.o10 | +0.018 | +0.023 | +0.052 | +0.047 | +0.322 
VACATE arg tere ai nicte er? +o0.008 | +0.028 | +0.026 | +0.062 | +0.045 | +0.324 
TG te ae TONE ea ko a0 +0.002 | —o.o10 | —0.003 | —o.o10 | +0.002 | —o.002 
TEEN Le te Blows 19 ‘14 6 4 2 2 


avoid the conclusion that the mean of all directly observed paral- 
laxes for stars of the kind specified is appreciably larger than that 
derived from van Rhijn’s tables. 

e) Mr. Adams kindly allows me to compare the parallaxes 
derived by his ingenious spectroscopic method with those given 
here. Forty-six stars have been observed in common. The results 
of the comparison are collected in Table VII. It should be 
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stated, however, that this comparison is not an independent one, 
since in deriving his reduction-curves for the smaller proper- 
motion stars Adams used about ten parallaxes derived by me, while 
he has also made use of part of the material mentioned under (d). 
The mean difference Tadams— vm for 46 stars is —070033. 


SUMMARY 


Collecting all the material which points to systematic error 
in the Mount Wilson parallaxes, we have the corrections shown 
in Table VIII. 


TasiLe VIII 

een @ COLrection, 10£ magnitudes ae eee ree —o’oor 
Interna! methods) 5, correction for Neglect OL a2.. Ay 1s meee ere ©.000 
a correction from 5 fields in common with others.. —o.oo1 
b correction from comparison of a Boss and vM.. +0.001 
arene. correction from comparison with van Rhijn.... —o.007 

External methods d correction from comparison with other obs. 
through syaneihini ieee eee +0.001 
é correction from comparison with Adams....... —0.003 


From these data it seems safe to conclude that the Mount 
Wilson parallaxes can be affected only by very small systematic 
errors. 

The difference 7,,—7,,, alone is so large as to attract special 
attention. In seeking an explanation for the origin of this differ- 
ence, we should note that there are two causes which tend to make 
van Rhijn’s tables give parallaxes for stars of small proper motion 
that are too small: First, the formula on which the tables are based 
gives zero parallaxes for stars of zero proper motion. Second, the 
tabular values for stars of the class in question have been based, 
to some extent at least, upon parallactic motions. Because of their 
small relative motion, stars accompanying the sun in its motion 
through space will thus be grouped among the distant objects, 
while actually their parallaxes may be considerable. The follow- 
ing points are also to be noted: 

First, a systematic correction of —o’0071 would make 16 of 
the total of 56 absolute parallaxes negative, while 10 of the 20 stars 
of proper motion less than o”050 would have negative absolute 
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parallaxes; both numbers are highly improbable, if we keep ‘in 
mind the smallness of the probable errors. 

Second, a systematic correction in + would be reflected in pa 
increased by about six times its amount, as was pointed out on 
page 37. We should therefore expect a systematic difference of 
about +-o’040 in wa; unless Boss’s proper motions have been 
vitiated by the same amount, we should find a much larger differ- 
ence between feposs aNd faym than actually appears. 

Third, the close agreement of the observed mean difference 
TyR—Tym With that of 7,yp— all other directly observed parallaxes 
makes it probable that this difference is not attributable to the 
Mount Wilson parallaxes. 

Finally, the values found for the absolute magnitudes and for 
the r-components of the proper motions expressed in km per 
second, when derived with the help of these parallaxes, are in close 
agreement with our present knowledge of these quantities,’ and this 
agreement is lacking when we use our parallaxes after applying a 
correction of —0’%0071. 

To show this last point, the mean absolute magnitudes, M, and 
the mean 7-components of the proper motions expressed in km 
per second, V, were derived for groups of stars of specified proper 
motions. The F-, G-, and K-type stars were divided into four 
groups; those of the M-type, into two groups, according to their 
proper motions. For each group the mean M and V were derived 
by the formulae 


M=m-+s-+s (log)7 and V=4.74 


Sail 


The same was done after correcting the mean parallaxes by —0’%003 
and —o’oo71, respectively. The results are collected in Table IX. 

Doubt may be expressed as to the propriety of using the mean 
values of m, 7, and7 in the derivation of Mand V. This, to besure, 
tends to decrease the values of M and V. Our parallaxes, however, 
are vitiated by probable errors, and these, on the other hand, tend 
to increase the mean values of Mand V. The result cannot be far 
from the truth. 

™Cf., for instance, W. S. Adams and G. Strémberg, Astrophysical Journal, 45, 


296, 1917. a 
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A glance at Table IX, which gives data for various intervals of 
proper motion, shows that in general the values of M and V derived 
from the uncorrected parallaxes and from those corrected by — 0003 
are about equally probable. Only the small group of the M-type 
stars with very small proper motions give, in the second case, im- 
probable values for M and V, namely, —3.95 and 52, respectively. 

A correction of —o”0071, which would be necessary in order 
to make our parallaxes agree with van Rhijn’s tables, gives, on the 
other hand, very improbable values of M and V for the large group 


TABLE IX 


Stars oF Typr F, G, anp K Srars oF TypE M 


o%000-0%049 | o%050-07%099 | 0% 100-07199 | 07200-07499 | 0%000-0%049 | 0%050-0%0909 


M V M V M V M V M V M V 
m=mabs....... +0.66|' 9 |42.58) 11 |-2.851 £2 [4 74) ol —o.g5) 2g) 4 sees 
T,=T —01003...|/—0.26] 13 |+2.25] 13 |+2.50] 14 |+4.61| 8 |—3.095| 52 |+4.24| 7 

8 


T,="—O-0071../—3.02| 47 |+1.63] 17 |-+1.81| 19 |+4.44] 9 |......]|.... +4.04 


sic isha seere ere ave 15 13 9 5 4 3 


of F, G, and K stars with proper motions less than 0”%050, while 
for the small proper-motion stars of the M-type the mean absolute 
parallax becomes negative, and the values of M and V become 
illusory. It may therefore be concluded that there is no reason to 
suppose that the systematic error in the Mount Wilson parallaxes 
surpasses 07003. 

I wish to express my thanks to Miss Helen N. Davis and Miss 
Coral Wolfe, of the Computing Division, for much assistance in 
the computations. I am greatly indebted to Mr. W. P. Hoge, who 
has helped most efficiently in securing the exposures. 


Mount Witson SoLtar OBSERVATORY 
May 1917 
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THE ELIMINATION OF POLE-EFFECT FROM THE 
SOURCE FOR SECONDARY STANDARDS 
OF WAVE-LENGTH 


By CHARLES E. ST. JOHN anp HAROLD D. BABCOCK 
I. INTRODUCTION 


Since the publication of the list of secondary standards of wave- 
length by the International Committee,’ the attention of several 
spectroscopists has been devoted to the problem of adding to the 
number of such spectral lines. It has been sought to extend the 
range of wave-length covered and also to provide standards at 
more frequent intervals than was at first thought necessary. 
Determinations of wave-lengths by interference methods have been 
published by Burns, Meggers, and Merrill,? Meissner,3 Burns and 
Meggers,* Eversheim,’ Burns,® Werner,’ and still other investiga- 
tions are in progress. During the past year preliminary work in 
this field has been carried on at this observatory, and it is the pur- 
pose of the present paper to contribute some of the results which are 
now at hand. 

A primary requisite which a spectral line must have in order 
to serve as a standard of wave-length is reproducibility. In prac- 
tice this quantity depends upon two factors which determine the 
errors involved in locating the line in the spectrum, namely, the 
absolute constancy of the wave-length under the range of working 
conditions permitted, and the characteristics of the curve defining 
the intensity distribution in the line. But quite aside from the 
question of reproducibility, it is equally important from a practical 
point of view that the adopted value of a standard should be its 

t Astrophysical Journal, 32, 215, 1910, and 39, 93, 1914. 

2 Scientific Papers of Bureau of Standards, No. 274, 1916. 

3 Annalen der Physik, 51, 95, 1916. 

4 Scientific Papers of Bureau of Standards, No. 251, tots. 

5 Annalen der Phystk, 45, 454, 1914. 

6 Journal de Physique (5), 3, 457, 1913. 7 Annalen der Physik, 44, 289, 1914. 
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fundamental wave-length, that is, the wave-length free from dis- 
placements due to disturbing conditions in the arc itself that are 
associated primarily with proximity to the poles but are extended 
in range by increased current strength. It is not the purpose by 
this term to distinguish between a possible effect due to changes 
in the relative intensities of the components of a complex vibrating 
system and that of perturbing influences acting upon the emitting 
centers, or to suggest an explanation of pole-effect. When, as 
will appear later in the paper, arc conditions are such that sensitive 
lines yield their fundamental wave-lengths, these lines then behave 
like normally stable lines. The absolute measure of pole-effect in 
any source is obtained by comparing the wave-lengths given by it 
with the corresponding fundamental values as defined above. 

The introduction of the pressure-effect into the values of the 
secondary standards, by operating the iron arc at atmospheric 
pressure, is undesirable from this point of view. But while for 
special purposes, we do, indeed, employ the arc im vacuo as a source 
of reference lines, it can hardly be recommended as a general source 
of secondary standards on account of its greatly diminished bright- 
ness and of the inconvenience attending its use. Moreover, the 
revisions of the values of the pressure-effect which are now in prog- 
ress will soon supply precise data for the elimination of this factor 
when necessary, and the correction, being dependent in amount 
only upon the barometer reading, can be applied with certainty. 
Pole-effect, on the other hand, does not lend itself readily to such 
simple treatment, chiefly on account of its rapid variation from 
point to point in the arc and its sensitiveness to change in arc 
conditions. These practical considerations permit a distinction 
to be drawn between pole-effect and pressure-effect in regard to 
their bearing upon the establishment of a system of standard wave- 
lengths. 

The phenomena of pole-effect have been studied by Goos,? 
Gale and Whitney,’ Royds,3 Whitney,‘ and St. John and Babcocks 


t Astrophysical Journal, 38, 141, 1913. 2 [bid., 43, 161, 1916. 

3 Kodaikanal Bulletins, Nos. 38 and 40, 1914. 

4 Astrophysical Journal, 44, 65, 1916. 

5 Mt. Wilson Contr., No. 106; Astrophysical Journal, 42, 231, 191s. 
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under a variety of conditions, but hitherto none of the suggested 
explanations has met with general acceptance. While it is possible 
that some of the relations between pole-effect, arc-length, and 
current-strength, which are now quantitatively measured, may 
throw light upon the nature of the effect, it is not our purpose to 
discuss here the theories that have been proposed to account for it. 

The present paper consists in an examination for pole-effect 
of an iron arc operated according to the specifications of the Inter- 
national Committee, and an experimental study of the conditions . 
under which the error introduced by polar influence may be avoided 
in another form of arc. 


2. APPARATUS AND METHODS 


The observations discussed here were made both with the plane- 
grating spectrograph and with interference apparatus. The 
former instrument is the same as that used in a previous investi- 
gation on the pole-effect.._ When employed in conjunction with the 
totally reflecting prisms and rotating sector over the slit, it has 
proved a powerful means of measuring minute changes in wave- 
length. Interference methods are also especially applicable to 
problems of this character; certain distinct advantages are made 
available by this means—namely, the possibility of obtaining a 
great extent of spectrum upon each photograph under strictly 
uniform observing conditions, the integrating action over a speci- 
fied portion of a source, and the comparative insensibility to instru- 
mental displacements. The errors inherent in this method and 
those which affect results derived from gratings enter in different 
ways, and accordance in the values reached by the two methods, 
used independently, is a strong indication that both are free from 
systematic inaccuracy. 

The interference apparatus which has recently been installed 
in this laboratory is in general similar to that described by Fabry 
and Buisson.2. The auxiliary dispersion is provided by a Rowland 
concave grating of 635 cm radius of curvature, which receives 
parallel light from a collimating mirror of nearly the same focal 
length, thus giving a spectrum free from astigmatism. The 

« Loc. cit. 2 Journal de Physique, 9, 929, 1910. 
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grating has approximately 87,500 lines, each 50 mm long, spaced 590 

to the millimeter, and provides a scale of 5 A per millimeter in the 

first order. Flat plates 25 cm long are used in the camera, cover- 

ing 1200 A in excellent focus in the first-order spectrum, which 

can be observed into the infra-red as far as Ngooo. The etalon 
consists of fused quartz plates 4o mm in 

p, diameter, held parallel and at a fixed dis- 
tance by invar separators. Silver films 
cathodically deposited are used for the 
portion of the spectrum thus far studied. 
The etalon is contained in a small, double- 
walled wooden box, and this, with the 
mirrors which project the rings upon the 
slit, is protected by an outer wooden case. 
The whole system stands upon the large 
cement pier which supports the slit and 
grating of the spectrograph. 

Fig. 1 shows in diagram the arrange- 
ment of the parts in the optical train. 
The mirror M,, of 20cm diameter and 

60cm focal length, projects a fourfold 


Fic. 1.—Optical system and arrangement of interference apparatus 


enlarged image of the source upon the diaphragm in front of the 
quartz plates E. The rings are projected upon the slit S by 
means of the plane mirror M, and the concave mirror M;. The 
latter has a diameter of ro cm and a focal length of 63.3 cm. 
Behind the slit a plane mirror M, can be moved on vertical 
ways into or out of the beam of light which ordinarily passes 
to the collimator M,, the grating G, and the plate P,. If it is 
desired to photograph the red cadmium rings when the camera 
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is in a position which does not include that wave-length, the mirror 
M, is brought into position behind the slit so that the rings can 
be received in the auxiliary camera as shown. Important ad- 
vantages are found in the precise achromatism of the system, 
in the fact that no essential part of the apparatus has to be touched 
between successive exposures, and in the comparative freedom from 
temperature disturbances. The gain in accuracy to be expected 
with the use of large-scale interference rings and increased auxiliary 
dispersion, pointed out by Pfund,‘ is realized in this apparatus, 
and it is doubtful whether further increase in the focal length of 
the projecting mirror M, is desirable. The focal length adopted 
permits the use of low magnification in the measuring microscope, 
with the consequent advantages in regard to the grain of the plate. 

It is of interest to calculate the plate factor in angstroms per 
millimeter at any point in the interference system for a given set 
of conditions, in order to compare what one sees on photographs 
taken with this apparatus with the images of spectral lines formed 
by gratings or other instruments. It can easily be shown from the 
elementary theory of the interferometer that 


or —E-(n=1)=0 (2) 


where 

p=order of interference at center of ring system. 

F=effective focal length of lens or mirror which projects the rings 
on the slit, as actually affected by any magnification in the 
spectrograph. 

E=fractional order of interference. 

n=number of ring, counting innermost ring as the first. 

r=radius of n* ring. 


Now, if wave-length \ is measured from the center of the ring 
system in units of spectral range, we have at the n™ ring 


A=n—1+E. 
But from equation (1) we find 

Sea ae 

eae: 


t Astrophysical Journal, 28, 211, 1908. 
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where K is written for p/8 F?, so that we may write 


A=4Kr’. 
Accordingly 

as 8Kr, 

dr 


and in order to express this quantity in angstroms per millimeter 
it must be multiplied by the value of the spectral range, which is 
d/p. This gives 


dk_8KMr_) 
Ny ae A 

For the first ring, with the aid of equation (1), this is readily trans- 
formed into 


ina [EE 
dr FN p* 
If we assume 
A=5000 A, F=633mm, p=40,000 (1ommetalon), L=o.5, 


we obtain 


dx 
dp 004° A per mm. 

For comparison it may be added that for \ 5000 in the fourth 
order of a grating having 5go lines to the millimeter, used at 9.1 
meters focus, the plate factor is 0.370 A per mm, 1.e., the dispersion 
is about one-tenth of that calculated above for the interference 
method. 

Attention may be called to the necessity for accurate focusing 
of the enlarged image of the source upon the diaphragm in front 
of the etalon when it is desired to select any specified portion of it 
for study. A large relative aperture of the projecting mirror makes 
it possible to focus with precision, especially when the following 
method is used: On looking through the arc toward the projecting 
mirror it is easy to locate the image of the diaphragm, since the 
light normally incident upon the first silver film is largely returned 
over the path which it traversed and greatly augments the illumina- 
tion. The image of the diaphragm appears, then, to float in the 
arc and is so much brighter than its surroundings as to be easily 
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DISTRIBUTION OF LUMINOSITY IN 12-MM, 5-AMP PFUND ARC (@) AND IN INTER- 
NATIONAL Arc (b) WITH SUPERPOSED IMAGES OF DEFINING DIAPHRAGM 


Arc LAMP FOR PRECISION OBSERVATIONS 
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observed. It can also be seen when the arc is not burning, provided 
the general illumination in the room is sufficient, and its position 
can be very satisfactorily located by means of a hand magnifier. 
The electrodes of the arc, with the current cut off, can be observed 
simultaneously, and freedom from parallax insures a precise focus. 
In Plate XVI are shown images of the arc, to which reference will be 
made later, with the diaphragm placed as in use. Owing to the 
fact that the arc and its image are somewhat off the axis of the 
projecting mirror, a small amount of astigmatism is introduced. 
By taking care to make the focus perfect for horizontal lines, we 
find that this feature becomes of advantage rather than otherwise, 
since it tends to smooth out the variations in intensity which 
exist in a horizontal section of the arc and to make the illumination 
of the diaphragm more uniform while leaving the extent of the 
arc-axis in use sharply defined. 

The observations to be described were obtained for the most 
part with a diaphragm measuring 5X12 mm, but for special pur- 
poses others of circular shape are employed, having diameters of 
5,9, and 12mm. The rectangular diaphragm is especially useful 
when it is necessary to economize light while using only a limited 
extent of the axis of the arc. 

To test the auxiliary spectrograph for distortion of the field 
of view in a direction parallel to the spectral lines, a plate was 
placed over the slit, having a series of ten narrow openings arranged 
to simulate the relative positions of the sections of interference 
rings formed by the slit. With the etalon removed an exposure 
was made to the spectrum which reproduced each line broken into 
ten dots, with much the same appearance as though produced by 
interference. An examination of the distances separating these 
dots for lines in different portions of the negative and a comparison 
with the distances of the slots in the occulting plate showed con- 
stant magnification and freedom from distortion in all parts of the 
field. . 

The method of observation is essentially that of Fabry and 
Buisson. The etalon is usually adjusted with the aid of the 
green mercury line by observing the rings in a telescope while 
a very small exploring diaphragm is moved about in the beam 

237 


8 CHARLES E. ST. JOHN AND HAROLD D. BABCOCK 


of light. When the adjustment for parallelism is complete with 
large aperture, the diaphragm is inserted very close to the first 
plate without touching any sensitive part of the instrument, 
and the protecting cover is put in place. The exposures are so 
distributed as to provide a check upon the constancy of the 
etalon. 

The use of standard distance-gauges over the slit for the pur- 
pose of reducing linear diameters to angular measure is avoided, 
the observed diameters themselves furnishing all the necessary 
data as follows: The diameters are measured upon a machine 
provided with two precision screws whose axes are at right angles, 
from two to five rings being observed, according to the nature of 
the problem at hand. When four or five diameters are observed, 
the fractional order may be most accurately found froma least- 
squares solution of the observational equations, which are written 
in the form of equation (1) above. For differential observations 
upon the wave-length of the same line under slightly different con- 
ditions two rings are generally observed, and a plate-constant, 
Ky, is determined. It is the average of all the values obtained by 
dividing each approximate wave-length by the difference in the 
squares of the diameters corresponding to it. The value of K for 
any line is then taken by redivision, and the fractional order is 
quickly obtained from each diameter. 

The integral order of interference and the correction for change 
_ of phase are readily found by well-known methods, a convenient 
arrangement of which is described by Meggers.? 

The arc lamp is supported upon a small wooden platform, which 
is provided with a coarse screw for moving it at right angles to the 
line of sight. This permits easy correction of position without dis- 
turbing the setting for focus. Details of the mounting are shown in 
the lower half of Plate XVI. The guiding screw referred to is 
amarked A. The base of the lamp is heavy enough to give sufficient 
stability, and the moving parts are well defined in position. Screw B 
provides a vertical motion of the entire upper part of the lamp, read 
on a millimeter scale S,. The upper electrode is moved up and 
down relatively to the lower by screw C, the scale S, serving to show 

* Scientific Papers of Bureau of Standards, No. 251, 1915. 
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the arc-length. For centering the electrodes screw D provides a 
separate horizontal motion for the upper terminal. Current for the 
arc is supplied by direct-current generators at a maximum of 300 
volts. The voltages commonly used are r1o and 220, with lamp 
resistance in series with thé arc for control. An ammeter is kept 
in circuit and the current is read to 1/5 ampere. 


3. OBSERVATIONS 


a) Provisional standard source—In order to examine a given 
source for the presence and amount of pole-effect contained in it, 
a reference source practically free from this disturbing influence is 


TABLE I 


PoLe-EFFECT IN PFUND ARC WITH CARBON NEGATIVE POLE 
Tron LINEs oF Group d 


NEGATIVE POLE minus CENTER POSITIVE POLE minus CENTER 
PLATE PLATE 
Number Lines Mean Shift Number Lines Mean Shift 
A A 
Te tances 29 +0.003 Teer eae 38 +o.007* 
aA ache can oie 31 .000 Drei torts 38 .008* 
Be eciers ok 29 =) 5COL iB oravale, agentes Bu .002 
Betts tise as 32 .000 Ai titace Saytaoee 36 .003 
a ene oe 32 =e OO Torte alll Siehesere te trench 38 .003 
Oo ciekioan soe 36 BOOOME | Orgy tase ayers By .002 
yr rtatspatraiis s Ye 36 —OOLE™ all Torrente, hae. 37 -+o.003 
Ss Meri sciac ts 36 0.000 
INE CATIA. orrersiote ten eke 0.000 (Mecaner |-eeirasner +o.004 
* No sector used. 
essential. Our former conclusion, that the center of a 6-mm, 


6-ampere Pfund arc is free from pole-effect,’ is incorrect, as will 
be shown below, and a substitute was sought in the Pfund arc 
having the negative pole of carbon. Such an arc has been tested 
for pole-effect and found suitable for the purpose. The length 
of arc was maintained between 6 and 8 mm, and the current was 
6 amperes on the average. The measurements summarized in 
Table I were made on plates obtained with the 30-foot plane- 
grating spectrograph, using sector and prisms over the slit. The 
t Astrophysical Journal, 27, 298, 1906. 
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lines observed all belong to group d. For these lines no difference 
is found between wave-length at negative pole and at center, 
while a comparatively small displacement appears at the positive 
pole. A narrow central zone of this arc was accordingly adopted 
provisionally as a standard source, assumed to be free from pole- 
effect. 

b) Pole-effect in center of international arc.—In accordance with 
the specifications of the International Committee on Wave- 
Lengths,’ an arc 6 mm long between iron rods 7 mm in diameter, 
fed by a current of 6 amperes, under a pressure of 220 volts, having 


TABLE II 


CENTER INTERNATIONAL ARC minus CENTER PFUND CARBON-POLE ARC 
Iron Lines OF Group d 


Plate Number Lines Mean Shift Plate Number Lines Mean Shift 
A A 
b UR oe eee rh te 21 +0.004 hae) syle outa teus 34 +0.005 
Dic Sie Tate 19 .006 Sse chess 33 .006 
Bien yeays exes I4 .O1O Oideiond.d stedetage 34 .006 
DINO STIARD ys Paes oe .007 TOR eco sea 32 +0.004 
IB i Spa atedee tobias 23 .008 <>< | | 
Gite eee 38 +o.006 IMeati: ils c tamer +o0.006 


Mean pole-effect in 6-mm, 6-ampere Pfund arc for the same lines is +o.010 A. 


its positive pole above, will be referred to in this paper as the 
international arc. Light is taken from a central zone not exceeding 
2mm in width. 

The slit of the 30-foot spectrograph was placed at right angles 
to the axis of this arc at its middle point, as recommended for finest 
definition in the specifications of the committee, and by means of 
a small totally reflecting prism simultaneous exposures were made 
upon this source and upon the corresponding part of the provisional 
standard source. A rotating sector equalized the effective inten- 
sity upon all parts of the slit, and special care was taken to see 
that each light-source completely illuminated the grating. As 
shown in Table II, ten exposures give for some thirty sensitive 
lines in the region \ 3840-A 4200 a mean value of +0.006 A for 
the difference, international minus Pfund carbon-pole arc. The 


* Trans. International Union for Co-operation in Solar Research, 4, 59, 1914. 
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conclusion indicated is that the international arc has pole-effect, 
even in its central section, at least 0.006 A in amount. 

c) Distribution of pole-effect in international arc.—Spectra from 
near the negative pole of,the international arc and from its center 
were compared by means of the 30-foot spectrograph, using the 
method of simultaneous exposures already referred to. The dif- 
ference in brightness of the two parts of the arc was compensated 
by a rotating sector; control measurements made upon stable lines 


TABLE III 
INTERNATIONAL ARC, NEGATIVE POLE minus CENTER 

Normat Porarity, Pos. PoLE ABOVE INVERTED Porarity, NEG. PoLE ABOVE 

Drace Group d Group é Pees Group d Group e 

Number} Mean |Number| Mean Number}; Mean |Number} Mean 
Lines Shift Lines Shift Lines Shift Lines Shift 
A A A A 
Ee 34 |+0.021 Seis 0. OE 25) eka 19 |+0.018 I |—0.004 
ee a 40 .O19 3 SOU? WSs ono 21 .O13 Z, .004. 
Crea 40 .o18 3 SOLS: ll Shee 39 .O10 3 .OOI 
We cmcce te 37 .O14 3 SOOO Wil 4a eer 38 .008 2 .004 
Behera 34 .o18 3 SOE We Sitanneer: 39 .O13 3 .008 
Ose sas 33 .O1Q 3 SOE DUI) Octrenct 41 .O10 a . 009 
Pees ee BS let-Os0L7 3a |= OL OLO Mie 7inerniees 4I .OII 3 .O12 
SSS ail Sin cue 4I .013 3 .O10 
Means)}...... =f OFOES. | as eee Soylent |i X05 Gin Ao © 40 O13 3 . 009 
LO' cre aases 40 .O10 g .007 
Pole-effect in 6-mm, 6-ampere Pfund arc for the ||11------ 40 |+0.013 By 07005 
the same lines: Group d, +o0.o11 A; Group e, 

ee eG A Means|ieen-ee “ORO D2 5 | Serre —0.007 


showed freedom from instrumental displacement; the distinguish- 
ing feature of the pole-effect appeared in the opposite displacements 
given by lines of groups d and e. From 35 to 4o sensitive lines 
between \ 3800 and 4200 were observed upon each of seven 
plates, the mean values obtained being shown in the left-hand 
part of Table III. The polarity of the international arc was then 
reversed, making the upper pole negative, as it is in the Pfund arc, 
and the difference negative pole minus center was again observed 
in the same manner. The results of these measurements are col- 
lected in the right-hand part of Table III, which is self-explanatory. 
The mean pole-effect measured in the Pfund arc for the same list 
of lines is added at the bottom of the table for comparison. These 
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observations leave no doubt as to the existence of pole-effect in the 
international arc in somewhat greater amount than in the 6-mm, 
6-ampere Pfund arc. The amount of material discussed in the 
case of the d lines is thought sufficient to give real meaning to the 
difference in the two mean values in Table III; the investigations 
bearing upon this point are still in progress. 

The interference method was next employed for comparing 
integrated wave-lengths over the central half of the international 
arc with the corresponding values from the provisional standard 
source described above. A suitable diaphragm, placed in front 
of the etalon, selects the desired portion of the source, and since 
with proper precautions the instrument integrates all the light 
falling upon the diaphragm it is well suited to such a purpose. 
Under these conditions it was found that the central half of the 
international arc gave wave-lengths for 30 sensitive lines greater 
on the average by 0.005 A than the corresponding portion of the 
Pfund arc having the negative pole of carbon, although 59 stable 
lines showed no change in wave-length between the two sources. 
Furthermore, a comparison of the central half of the international 
arc with the central third of the same arc was made by a suitable 
exchange of diaphragms. In this case a list of 35 lines known to 
be free from pole-effect showed no variation, but 35 sensitive lines 
of group d showed a mean decrease of 0.003 A when the smaller 
portion of the arc was used. ‘These facts are most readily explicable 
on the assumption that the central half of the international arc 
exhibits pole-effect, and a comparison of the two mean differ- 
ences given above indicates that even the recommended central 
third of the international arc is somewhat affected by the polar 
influence. Although these data are not sufficient to afford a 
reliable measure of the amount of pole-effect in the central third 
of the arc, they tend to confirm the more exact quantitative 
measures presented above in section 0. 

Tests made toward the close of the investigation by the 
method described in the following section show that when the 
international arc is lengthened to 12mm a central zone 13 mm 
wide still contains measurable pole-effect. The lines of a well- 
known list belonging to group e are, on the average, displaced 
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toward the violet 0.004 A from the positions which they have 
when free from pole-effect. The lines of group d which were 
tested show less displacement, but, on the whole, a tendency to 
shift toward the red. 4 

d) Development of the Pfund arc for standard purposes.—The 
source described above as a provisional standard, the Pfund arc 
with carbon negative pole, is for many purposes all that could be 
desired. It is especially useful in the ultra-violet, where it yields 
most of the strong iron lines unreversed and very narrow. No 
difficulty is experienced from the so-called carbon bands when 
only the central region of the arc is used, and, as Pfund says, it 
yields iron lines “rivaling in homogeneity and sharpness the red 
and green lines of cadmium produced in a vacuum arc.”* But its 
intensity, especially in the region of longer wave-lengths, is rela- 
tively feeble. The international arc, on the other hand, has been 
found characterized by a troublesome amount of pole-effect, which 
necessitates the introduction of uncertain correction terms before 
it can be safely employed as a reference source in many kinds of 
spectroscopic problems. A study has been made of the Pfund arc, 
accordingly, in order to develop its possibilities as a source suitable 
for a standard. 

The interference method is so well suited to such a problem 
that extensive use has been made of it. For the most part a 5-mm 
etalon was used, this rather short length being chosen in order that 
the widest lines, which are in some cases most sensitive to pole- 
effect, might give measurable interference fringes. A diaphragm 
in front of the etalon selected a horizontal section through the center 
of the arc 14 mm wide. 

The method usually employed for differential interference 
observations was abandoned, partly on account of the prolonged 
exposures sometimes necessary, and also because of the saving of 
labor and greater accuracy made possible by the plan adopted. 
The procedure followed consisted in determining the wave-lengths 
of the sensitive lines of groups d and e from each source in terms of 
selected stable lines occurring upon the same plate. Three sharp 
a lines in the green, which by comparison with the green mercury 


t Astrophysical Journal, 27, 298, 1906. 
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line have been found to be constant in wave-length under varying 
arc conditions, were adopted as reference standards. 

It should be noted that the existence of pole-effect in small or 
moderate amounts is not necessarily accompanied by any suggestive 
appearance of the spectral lines, such as unsymmetrical widen- 
ing. The only certain test for the effect is the actual measurement 
of the wave-length. The differences shown in the accompanying 
tables cannot be attributed to unsymmetrical widening dependent 
upon increase of intensity, or to an “intensity equation” directly, 
since the individual lines exhibit a much greater range of intensity 
upon each plate than a given line shows from one plate to another, 
while the differences of wave-length are substantially the same 
for all lines of a given group. Burns, Meggers, and Merrill con- 
clude’ that ‘“‘interferometer wave-lengths are comparatively 
unaffected by any intensity equation,” and, so far as the present 
data bear upon this question, they seem to confirm that con- 
clusion. 

While the method employed eliminates systematic instrumental 
errors from these measurements, the objection may be raised that 
the observer tends to set the cross-wire of his microscope in a sys- 
tematically different way upon lines belonging to different groups. 
All of the photographs at present under discussion, however, 
resemble one another very closely; they were taken with the same 
etalon, had approximately equivalent exposures, and were measured 
by the same observer, so that if such a source of error is present 
at all it is constant upon this series of plates. The differences 
that are shown in the behavior of these sensitive lines appear to 
arise, therefore, from actual changes in the wave-lengths of the 
lines. 

Reference has already been made on page g to a former paper 
in which the pole-effect was studied under certain conditions of arc- 
length and current-strength for this type of arc. In that investi- 
gation the center of the arc was used for the working standards, but 
the tests made to ascertain whether it was itself entirely free from 
polar influence are now seen to be inadequate. In Table IV are 
given the results of a comparison of the center of such a 6-mm, 

* Scientific Papers of Bureau of Standards, No. 274, 1916. 
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6-ampere Pfund arc with the same region of the Pfund arc having 
the negative pole of carbon. A small amount of pole-effect is 
clearly indicated for lines belonging to both groups d and e. 

A visual examination of the Pfund arc through a dense neutral 
screen shows a clearly defined structure consisting of the outer 
layer, which owes its luminosity principally to the band spec- 
trum of iron oxide, a darker space within, which emits very 
little of the red end of the spectrum, and two brilliant streams 
of vapor in the axis of the dark space, of which the one pro- 
ceeding from the negative pole is by far the brighter. Traces of 


TABLE IV 


PoLre-EFFECT IN CENTER OF 6-MM, 6-AMPERE PFruND ARC 


Group d Group e 
Caches Fee. Pfund Shift Carton ce: Pfund Shift 

5222050" «=. .952 +0 .002 SO ols 6 3 .371 —0.006 
5266.568.... .570 .002 5404.1460... .140 .006 
5324.190.... .192 .002 5410.918... .Q12 .006 
5569.628.... .631 -003 5415.204... .196 : .008 
tr ae as oe .855 .003 542450756 .065 —0.008 
RESOn 700. .767 .OOT 
SOESZOS3 cc .656 .003 
OQ Ae G52 rie. 2557 +0.005 

IVE CATS a kee iere kere +0.003 | Meanie: smcracicrs + —0.007 


this structure are shown in Plate XVIa. This photograph of the 
Pfund arc was made with light from the spectral region AA 5800- 
7000, and the original contrasts have been considerably reduced by 
means of ammonium persulphate. Plate XVIa, on the other hand, 
shows the international arc photographed in the same way with no 
reduction of the scale of contrast. The original exposure in this 
case was very much less than for the Pfund arc. If such photo- 
graphs are taken with blue and violet light, the outer mantle is 
found much reduced, and the inner “‘dark”’ space, referred to above, 
is very much increased in relative intensity. Our observations 
upon pole-effect have led us to associate it with the bright streams 
of vapor which issue from the poles, and it was therefore natural 
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to choose the comparatively dark region between the adjacent ends 
of these vapor streams as a source presumably free from pole-effect. 
In the 6-mm, 6-ampere Pfund arc, however, as was shown above, 
this procedure is not permissible, but the observations next to be 
described show that simple modifications of the arc attain the 
desired result. 

A normal Pfund arc 12mm long was operated at varying 
current-strengths under a pressure of 220 volts. It was found 
that with currents of from 4 amperes to 7 amperes the arc was 
remarkably steady, and any desired portion of it could be selected 


3.0 | 40 5.0 6.0 Zo 8.0 9.0 Amp. 
Fic. 2.—Relation between wave-length and current-strength for sensitive lines 


with considerable accuracy; exposures of an hour’s duration could 
be made without restriking the arc. With further increase of 
current, intervals of unsteadiness appeared, but satisfactory plates 
could be taken up to 8.5 amperes. For each current-strength 
employed the wave-lengths of a series of d lines and of certain e 
lines were determined in terms of the same three standard a lines 
according to the method described above. ‘The results are dis- 
played in Table V and in the diagram, Fig. 2. The wave-lengths 
have had applied to them the necessary small corrections for phase- 
change. 

A comparison of the means at the bottom of the columns shows 
striking uniformity for the d lines, but for currents above 5 amperes 
very definite displacements for the lines of group e. Special 
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attention should be called to the fact that, for currents of 5 amperes 
or less, even the sensitive e lines show practically constant values. 
The obvious interpretation of these results is that for the arc 
specified a central zone at least 1 mm wide is free from pole-effect 
when the current is less than 5 amperes, and wave-lengths derived 
from it have their fundamental values. 


TABLE V 


RELATION OF WAVE-LENGTH AT CENTER OF 12-MM PFUND ARC TO CURRENT-STRENGTH 
STANDARDS AA5397.132, 5405.781, 5434.528 


| CURRENT IN AMPERES 


A | | | MEANS 
3-75 5.00 6.00 7.20 8.50 
Group d 
SEE Am Nee ween 950 950 -Q5I 950 952 gsi 
S200 wictavere he's 568 567 565 567 563 566 
SOO Ja cleo si0 190 188 . 189 188 186 188 
SROQG rs ieee 629 628 .629 627 627 628 
Py VetBene 852 851 .851 852 851 851 
ERGO si rnctosany ets 767 765 .765 767 766 766 
5G02..-.7... 954 955 -953 954 954 954 
ROUGE. ois we 652 -653 .655 655 655 654 
ROQAMEE err B552 .550 -549 S52 ae S52 
5488........ 457 457 457 457 457 457 
Group é 

RASS eres sities -379 B37 -372 she: | 53700 Wellcy streets 
BACA erect ses .148 .146 .138 Has Bice lea me etre G 
RAT Oumar etcie .918 .920 .Q12 .Q1O BOQOGH |) lanuetn erie seis 
AT Cla Me tas oie . 205 . 205 .198 . 188 DOO Way lisraraccateyscaets 
BA QA ae ore ose .075 .073 .070 .062 BOSO amen licks het erates 
BAO Twice an oe .545 -544 538 2533 rate Maal eh eager ae 


Confirmation of this conclusion is afforded in Table VI, in which 
the second column presents for group d means taken from all the 
measures in Table V, and for group e the means from the two lowest 
currents given in that table; the third column gives the results 
for the same lines in the carbon-pole Pfund arc, in terms of the 
same standards. The succeeding columns add corresponding data 
from Pfund arcs having negative poles of copper, brass, and 
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chromium steel, respectively. The arc-length was nearly 12 mm,and 
the current was approximately 5 amperes in each case. The varia- 
tions in the means are undoubtedly within the errors of measure- 
ment, as it must be remembered that the lines concerned are among 
the most difficult of all iron lines to measure. Since the pole-effect 
is found to have its greatest value in the vicinity of the negative 
pole, it seems improbable that such accordance would be found 
if the values in the second column obtained with the iron pole were 
affected by it, as this hypothesis would require exactly equal 
amounts to appear in the other arcs considered. 


TABLE VI 


SENSITIVE LINES INDEPENDENT OF CONSTITUTION OF NEGATIVE POLE 
CENTER OF 12-MM, 5-AMPERE PFUND ARC 


NEGATIVE POLE 
oN Wp. MEAN 
Tron Carbon Copper Brass Cr. Steel 
Group d 
S28 Decne ae -Q5I -950 .950 .949 .Q50 -950 
IB 260s, waters eae . 566 .568 . 566 . 566 .565 . 566 
SS 2A mae sees . 188 . 190 .190 .190 . 189 .189 
SSOOR succes .628 .628 .628 .630 .627 .628 
Tye Porta ois G .851 .852 .852 851 5O5 200s .851 
BOOS sun aoce . 766 . 766 -765 . 704 . 768 . 765 
BONS sepsis .654 .653 .653 .655 .652 654 
OZ Amt cceoonete -552 -552 -554 -552 .552 -552 
BATA sean 5% -144 -145 -145 .145 STAAL Urcic rhe Seer 
Group e 

R259 4 5 anak .378 SeuiY) a7 -378 ais! .378 
ISA OA srovarey steer .147 .146 -145 -144 -143 .145 
BATON as stn ove .9I9 .918 -Q17 -Q17 -920 .918 
GATS rb ae hain . 205 . 204 . 206 . 205 . 206 . 205 
GAZA As eee as .074 .073 .073 .074 .074 .074 
GAOT mira acn -545 544 544 -544 SSAA lei uenceweete 


It is found by examining monochromatic images of the Pfund 
arc, formed by various spectral lines, that the distribution of 
luminosity in the iron vapor is practically independent of the con- 
stitution of the negative pole, as far as such observations have been 
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made. Under these conditions there is a slight increase in the 
brightness of the iron vapor close to the pole in question, but it is 
not conspicuous. The brilliant stream issuing from this electrode, 
on the other hand, shows in general the same characteristic dis- 
tribution for the various substances which we have used for 
cathodes in our mixed arcs. In each case there is great increase 
of intensity close to the negative pole. Since it has been shown 
above that, in the case of the Pfund arc having the negative pole 
of carbon, the pole-effect disappears in the vicinity of the cathode, 
we have evidence here which suggests that it is not mere proximity 
to the negative pole which produces the effect, but that an essential 
condition is that the emitting centers originate with this stream. 
Our experience in obtaining photographs for measurement on pole- 
effect amply confirms this idea, for when the prism selecting the 
light at the pole is given a slight lateral displacement out of this 
narrow stream, the observed pole-effect is greatly diminished. 

Furthermore, in a former investigation already referred to, 
it was found that when the Pfund arc is operated 7 vacuo the pole- 
effect disappears and that the brilliant vapor stream which issues 
from the negative pole at atmospheric pressure is lacking, the arc 
appearing as a soft nebulous glow, brighter, indeed, near the 
negative pole, but without definite structure. In the light of these 
observations it is difficult to see how pole-effect can be directly 
dependent upon anything in the nature of electronic bombardment 
of the metal vapor by particles from the negative pole. 

The gradual appearance of pole-effect in the center of an arc 
as its length is decreased may be seen in Table VII. The current 
was kept constant at 5 amperes, and arc-lengths of 12, ro, 8, and 
6 mm were employed, the method of observation being the same 
as that referred to in the preceding paragraphs. The lines of 
group d are shown to remain practically constant in wave-length 
under these conditions, but the e lines, which offer a more sensitive 
test for the presence of pole-effect, show it definitely for lengths 
less than 8mm. By a combination of the data presented in 
Tables V and VII it is found that, in order to be free from pole- 
effect in the center of the Pfund arc, the length must be at least 
8 mm and the current not over 5 amperes. Under these conditions 
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a horizontal zone at least 14 mm wide may be used with safety, 
even for observations upon the most sensitive lines of group e. For 
d lines, on the other hand, the arc-length may be as short as 6 mm 
for a current of 5 amperes, or the current may be as much as 8.5 
amperes for a length of r2 mm without introducing an appreciable 
amount of pole-effect. 

TABLE VII 


RELATION OF PoLr-Errect TO ARrc-LENGTH FOR 5-AMPERE PFUND ARC 
CENTER OF Arc USED 


Arc-Length in Millimeters 


6 8 Io 12 
Tron Lines of Group d 

5232 Uninet: .Q51 -950 -949 .950 
5200 bea ar 566 .569 . 566 .567 
S324 tei ee . 189 .IQI . 189 . 188 
IS SOOereeetas .626 .628 .629 .628 
Ress Bec .850 .852 .852 .851 
Ife) bso.d 5 . 763 .765 765 . 7605 
SOLS Sevens .652 653 .654 .653 
SO2Acn ere cee m5 2 a5 52 B52 -556 
SANTA Reserae .144 .145 -144 -145 


Iron Lines of Group e 


Herein cance BME -375 .376 Sawa 
SAOARE a arch .I41 .144 -144 .146 
S41On ae oe : .QI2 -916 .9g16 .920 
GiGaeasace .197 205 . 204 . 205 
GAZA teenie .063 .O71 .072 .073 
SAO Fics Perernty -537 -542 -542 -544 


A set of conditions under which the Pfund arc may be used 
without introducing pole-effect having been developed, it is of 
interest to examine the wave-lengths of lines in the adopted list 
of international secondary standards known to exhibit pole-effect. 
In Table VIII, the first column gives the value published by the 
International Committee, the second shows the fundamental value 
obtained under these conditions, and the third contains the differ- 
ences. The Mount Wilson values are not final, but represent our 
best knowledge of these lines at present. Definitive wave-lengths 
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covering a wide range of spectrum will appear in a later paper. 
The mean difference shown in Table VIII is practically coincident 
with the mean difference obtained above in Table II, although 
the observations involved inthe two cases are entirely independent. 


TABLE VIII 
PoLe-EFFECT IN INTERNATIONAL SECONDARY STANDARDS 

LA. Mt. Wilson | A minus. LA. Mt. Wilson | j;A- minus 
AIO 2oS cue. . 282 +o.006 B2s2 0087 .949 +o .008 
4736.786.... .782 . 004 5266.569... .566 .003 
4859.758.... AN . 006 BZ02n 30sec . 309 .006 
AGTOL226 0... .219 .006 BS2An LOO ets .188 .008 
A003. 3280)... . .318 .007 5569.633... .627 .006 
4919.007.... .OOI .006 S5S0. 7 72 -765 .007 
4966.104.... .096 .008 5615.661... .653 +o.008 
5001 .881.... .873 .008 Se 
BIQ223030— 356 -++0.007 Weanasiaresrectnene +0 .0065 


In Table [IX we compare our values with the determinations 
by Burns, Meggers, and Merrill’ for lines of group d. The mean 
indicated makes it clear that pole-effect played a part in their 


TABLE Ix 


PoLE-EFFECT IN RECENT INTERFEROMETER OBSERVATIONS—GROUP d 


enciege s fee, /Pumg, Magee] itterence [Men A ee, |Burmg, Meters] Dierenc 
52221040 ea: -057 +0.008 eRSOn OS met 2772 +0.007 
5266.566.... Ge .006 5O15..053.. . 661 .008 
E202), 209 |r ES DS .006 BO2A 552). -559 +0.007 

ina PART OO ee .195 .007 [Se 
B500.027 7. ain. .633 .006 Meantest |frrenccriccecr +0.007 
SRO Os Eee: .859 +0.008 


investigation, and that its amount was substantially the same as 
that existing in the international secondary standards. This latter 
fact is sufficient to account for the failure of these observers to 
find evidence of it in their results, as they made no comparisons 
with a source free from this influence. They say in their paper: 


1 Scientific Papers of Bureau of Standards, No. 274, 1916. 2 Tbid. 
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“Thus it seems probable that the measurement of additional lines 
on the plates from which the I.A. standards were obtained would 
lead to the same values of the wave-lengths as though the plates 
had been taken under normal conditions.” This conclusion is 
confirmed by the observations presented above, but it must be 
sharply distinguished from the statement in the summary at the 
end of their paper to the effect that “interferometer observations 
under the conditions described were found to be reasonably free 
from the effects of pole shifts.’”’ No evidence was adduced by them 
in support of this statement, and in the light of the present data 
it is seen to be unwarranted. 

e) Comparative sharpness of iron lines in different arcs.—An 
apparent superiority of the international arc over the Pfund type 
lies in its increased intensity for unreversed lines, but this increase 
of intensity is accompanied by a corresponding increase in width of 
the lines themselves, as quantitatively measured by Nutting," 
so that the advantage gained in exposure time is offset by the dis- 
advantage of lower reproducibility in the international arc. The 
relative sharpness of certain lines in the region AA 5167-5455 in the 
international arc and in the Pfund arc when free from pole-effect 
is shown in Plate XVII, in which a is taken from the center of the 
international arc and 6 from the Pfund arc. The etalon used was 
15 mm long, i.e., the order of interference is about 55,000. The 
diaphragm admitted from the center of the arc an equatorial sec- 
tion 1} mm wide, while the specifications permit the use of 2mm 
in the case of the international arc. If this larger amount had 
been used, the difference between the two arcs would have been 
still further increased. The prominent lines of group a are shown 
reversed in the international arc, and there is practically no 
material suitable for measurement upon the plate from which this 
illustration was made. Upon a plate from the Pfund arc free from 
pole-effect, however, we are able to measure all lines of sufficient 
intensity, and a still higher order of interference could be used. 
The number of lines which reverse in the international arc, but 
are unreversed and suitable for measurement in the Pfund arc, is 
still greater in the region of shorter wave-lengths. 

* Bulletin of Bureau of Standards, 2, 439, 1906. 
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4. THE IMPORTANCE OF FUNDAMENTAL WAVE-LENGTHS 


The main purpose of the new determinations is to obtain 
extensive lists of wave-lengths that may be used for deriving the 
constants and testing the accuracy of series formulae, for comparing 
wave-lengths in terrestrial and cosmic sources, and for studying 
the changes in wave-length due to varying experimental condi- 
tions. For most purposes it is not a sufficient criterion that a 
wave-length be reproducible; it should also represent the funda- 
mental vibration under standard conditions. Evidence that this 
end may be attained has been furnished by three lines of investi- 
gation: change of current-strength, of arc-length, and of constit- 
uents of negative pole. The basal assumption is that when no 
further variation in wave-length accompanies a change of any one 
of the three variables, the other two being held constant, the 
fundamental condition has been reached. 

An entirely independent demonstration of pole-effect in the 
measures of Burns, Meggers, and Merrill and of the misleading 
interpretations that may follow from their use in statistical investi- 
gations is shown in Table X. The first column contains their 


TABLE X 


PoLe-EFFEcT SHOWN BY Fictitious SuN-ARc DISPLACEMENTS 


| 
Bs, | Mr. Witson Ba eé Me Wason ME Wok SUN 
eens l Mr. Witson minus Mr. Wrtson 
PERIL Arc Sun ARc B,M&M ARc 
5192.362....| 356 359 +0.006 —0.003 +0.003 
5205 000.5 =< . 606 .613 .003 + .004 .007 
R232 20570. 2 .950 954 007 OOS 004 
R2OE-OOT ae oe .798 .802 . 009 — COs .004 
324.1051). .189 .193 .006 = soe 004, 
E370 570% =< - .576 .578 .003 COL .002 
BBOSE LOS erst Sy .182 +o.006 —0.001 +0.005 
Whecncmpei ee eer catalvore aracee aie aie +o.006 —0.002 +o.004 


For 17 flame lines, group a, mean difference Burns, Meggers, and Merrill minus Mount Wilson 
is —0.0004 A. 


wave-lengths; the second and third, our determinations in the 
center of a 6-mm Pfund arc and in the sun made from high- 


dispersion spectrograms taken with a plane-grating spectrograph. 
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The wave-lengths of these sensitive lines were referred to well- 
established standards belonging to group a. It is obvious from 
the last two columns of Table X that opposite conclusions may be 
drawn from such comparisons, depending upon whether the arc 
wave-lengths used are contaminated with pole-effect, as in the 
Burns, Meggers, and Merrill measures, or whether they represent 
the more nearly fundamental values of the Mount Wilson data. 
In early work at Mount Wilson upon sun-arc comparisons the iron 
lines in the solar spectrum of groups c and d were displaced to the 
violet, and the lines of group e, abnormally to the red. It is now 
recognized that this arose from residual pole-effect in the center 
of the arc. Recent determinations with the 12-mm arc yield results 
of the same sign and magnitude for lines of the sensitive groups 
as for stable lines on the same plates as shown in Table XI. The 


TABLE XI 


Sun-Arc DISPLACEMENTS FOR UNSTABLE Lines BEcomME NorMAL WHEN POLE- 
EFFECT IS ELIMINATED 


Fe Lines, Group d Fe Lines, Group é¢ 
A rN 
Old Obsus. New Obsus. Old Obsus. New Obsus. 
Pole-Effect | No Pole-Eficet Pole-Effect No Pole-Effect 
IMO ccnctcticre —o.006 +0.001 SQOAn seas +0.021 +o.0o11 
SA” OM arate .004 .008 evina od ane .020 .008 
SSOO cruciate .002 .005 53 OA nara isreie .O12 .008 
ioyesiogticion .002 .007 eho tence .o18 .006 
G5 SOmaeec dacs .006 .006 RAO ceases .O15 .006 
COMI EAS dra &, . 000 .006 SATO yer .O16 .O12 
ROD4e Eee .008 .006 SAN Cie rears ree .026 .005 
GOSS eee bieierrs —0.008 +o.016 RA Ovse seer +0.028 +o.008 
Means..| —0.004 +o.007 Means..| -+0.019 +o.008 
Ostablelines* stoupiai sere eer niente: -++0.008 --o.008 


disappearance of the abnormal behavior of such lines furnishes 
confirmatory evidence that pole-effect has been eliminated from the 
iron arc and indicates that the solar lines are produced under 
conditions in which pole-effect plays no part. 

Not only is there evidence of pole-effect in the international 
iron wave-lengths, but it appears also in the determinations for 
other elements. In any given spectral region a “Standard R—I,” 
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Rowland minus international, for lines whose wave-lengths in sun 
and arc are equal, may be obtained from stable iron lines by taking 
account of their sun-are displacements. In Table XII are shown 
some results obtained by applying this criterion. The apparent 
displacement of the solar lines to the violet for lines showing 
positive pole-effect, indicated by negative values in the last 
column, and the abnormally large displacement to the red for 
lines with negative pole-effect are so similar to the results found 
for iron before the elimination of this disturbing influence that 
the abnormal sun-arc displacement shown in Table XII must 
be referred to errors in the arc wave-lengths rather than to condi- 
tions in the sun. 
TABLE XII 


PoLE-EFFECT IN THE PUBLISHED WAVE-LENGTHS OF OTHER ELEMENTS 


Rowland A Pole-Effect R-F Standard R—I Sun-Are 
Manganese...| 4783.613 +o0.012 0.181) Oe, oe 
Buchs *2 28 cc: 4823 .694 +o.o11 Onl 751 3 —0.012 
R—Hottz 
Calchumac. 6102 .937 ©. 201 —0.003 
ISOUMA Be ae 6122.434 +o.or7t ©. 202 0.204 0.002 
6162.390 ©.1904 —0.010 
3624.410 |} _ mee, ees 
3647.707 f 0.0374 0.152 0-156 -+0.016 


* Zeitschrift fir Wissenschaftliche Photographie, 14, 263, 1914. 
t Ibid., 12, 101, 1913. 
t Whitney, Astrophysical Journal 44, 65, 1916. 


A similar conclusion relative to the errors in the calcium wave- 
lengths of Holtz is reached when they are compared with the 
measurements in vacuo made by Crew and McCauley," as in 
Table XIII. In this case the difference, Holtz minus Crew and 
McCauley, should be the pressure-displacement per atmosphere. 
Here again abnormal values are found bearing a relation to pole- 
effect similar to that observed for iron before its elimination from 
the iron data. As pole-effect practically disappears for iron im 
vacuo, it may be assumed with a high degree of probability that the 


t Astrophysical Journal, 39, 29, 1914. 
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abnormal pressure-shifts indicated are due to errors in the wave- 
lengths of Holtz at atmospheric pressure rather than in those of 
Crew and McCauley in vacuo. 

Data are not at hand for testing other published determinations. 
The tests here applied are simply illustrations of statistical com- 
parisons already undertaken that have misled the investigator 
and of the uses to which such data may properly be applied. If 
the great labor expended upon the redetermination of wave-lengths 
is to be justified by results, due consideration should be given to the 


TABLE XIII 


FICTITIOUS PRESSURE-DISPLACEMENTS FOR CALCIUM DUE TO 
PoLE-EFFECT 


: c d Holtz mi: Pos. Pole 
Series Holtz Mecauky Cand Mec. wie 
Coe actors 4092 .690 .649 +0.041 
{ee a oe cr 4094.983 -044 +0.039 +0.055 
1 a RN 4098 .575 aIBIRZ +0.023 
+0.034 
Tabane aver 6102.736 .716 +0.020 
Hi Rte eh hee, 6122. 232 . 216 +o.016 +0.017 
d eh a cise 6162.196 Ba) +0.019 
+o.018 
ie Pte en snes 3624.106 .107 —0.001 
PN torors 3630.7390 -749 —0.010 
Ne sa hoe 3630.958 .973 —0.015 CST 
(RSS eee 3644.757 . 760 —0.003 
—0.007 


elimination of pole-effect, a necessary preliminary to wave-length 
determinations. It is not too much to hope that the new data 
will be valuable for a generation at least, as the Rowland measures 
have been in the past, but, as the matter now stands, it is a ques- 
tion whether any of the published determinations of wave-lengths 
or of pressure-displacements for the more sensitive lines are suffi- 
ciently free from pole-effect to comply with the more and more 
exacting demands that will be made upon such fundamental 
data. 
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5. CONCLUSIONS 


From the data presented above, the superiority of the Pfund 
arc 12mm long, carrying a current of 5 amperes, as a source of 
standard spectrum lines appears to be established. Whether 
viewed from the standpoint of higher reproducibility, owing to 
increased sharpness of lines, or from that of attaining the funda- 
mental wave-length, owing to the freedom from pole-effect, the 
advantage lies with this type of arc in preference to the arc speci- 
fied by the International Committee. It is true that from \ 5650 
to the red the decrease in brightness in the Pfund arc is sufficient 
to require rather long exposures when this source is used with high- 
dispersion apparatus; but from that point in the spectrum to the 
ultra-violet no difficulty is experienced. The international arc, 
on the other hand, is lacking in stable lines in the region AX 5600- 
6000. To the red of \ 6027 there is a sufficient number of lines 
belonging to group b, which, being free from pole-effect, may be 
used as standards when observed in any form of arc. 

The uniformity in the wave-lengths of the stable lines under 
varying conditions of arc is especially to be noted, along with the 
fact that even the most sensitive lines are unaffected in position 
by change of constitution of the negative electrode, while, under the 
set of working conditions developed, their wave-lengths exhibit 
remarkable constancy. 

Attention should be directed also to the advantage of using 
the Pfund arc, under conditions similar to those described in this 
paper, as a source for working standards of intensity. The same 
conditions that favor constancy of wave-length also make for 
uniformity in the system of relative intensities, and the compara- 
tively large range of working conditions permitted with this form 
of arc makes it much better suited to the purpose than an arc in 
which the intensity-gradient of a given line from center to pole is 
much steeper, as it is in the international arc. Obviously, if the 
intensity of a sensitive line is 5 or 10 times as great at the negative 
pole as it is at the center of an arc, it is highly important to repro- 
duce with the greatest care the conditions under which the line is 
observed, if it is to be used as a reference standard of intensity. 
A slight change in the position of a slit which is at right angles to 
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the axis of the arc introduces an entirely new system of relative 
intensities in the case of a short arc, and a comparatively small 
error in focusing the image upon the slit will produce a similar result. 
Ample enlargement of the image, an achromatic projecting system 
accurately focused on the slit at a definite position and azimuth, 
preferably go° to the axis of the arc at its midpoint, and a source 
in which the intensity-gradients from center to pole of even the 
sensitive lines are low, are some of the conditions which should be 
observed if the systems of relative intensity for spectrum lines in 
terms of the ‘‘arc”’ intensities used by different investigators are 
to have definite meaning. 

It is a pleasure to acknowledge our indebtedness to the careful 
measurements and reductions carried out for us by Miss M. O. 
Burns, of the computing staff. 


6. SUMMARY 


1. The interference apparatus now in use at this observatory 
is described, and the methods of observation and reduction are 
explained. 

2. By means of this instrument and a powerful plane-grating 
spectrograph quantitative data have been collected relating to the 
relative merits of three forms of iron arc when used as sources for 
standards of wave-length and of intensity. 

3. The international arc has been shown to exhibit large pole- 
effects, not only at the negative pole, but in the central one-half, 
central one-third, and even in the central plane section. 

4. The displacements at the negative pole as compared with the 
center are greater in this arc when the negative pole is below than 
when it is above. 

5. In the Pfund arc with a carbon negative pole the wave- 
lengths of sensitive lines are the same at the negative pole and at 
the center. 

6. The ordinary Pfund arc 6 mm long, carrying 6 amperes, has 
measurable pole-effect in its central region. 

7. The Pfund arc operated with 5 amperes or less, at a length 
of 12 mm, is free from pole-effect in a central zone at least 11 mm 
wide. 
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8. The poorest lines in the iron spectrum, those of group e, 
when free from pole-effect, can be measured with high precision. 

g. When pole-effect is eliminated, the wave-lengths of iron 
lines are found to be independent of the nature of the negative 
pole, whether this be of iron, carbon, copper, brass, or chromium 
steel. 

10. The adopted wave-lengths of international standards 
belonging to groups ¢ and d are shown to be influenced by pole- 
effect. 

11. This influence enters to about the same extent into the 
values of wave-length recently published by other observers. 

12. In the green part of the iron spectrum the pole-effect in 
Nos. 10 and 11 amounts to +0.006 A for lines of group d. 

13. The sharpness of both stable and sensitive lines, when 
observed in a source free from pole-effect, is shown to be much 
greater than it is in the international arc. 

14. The importance of eliminating pole-effect is shown by the 
misleading results obtained by using published data contaminated 
by this influence. 

15. The abnormal sun-arc displacements formerly obtained 
for lines of groups d and e become of the same sign and order as 
for stable lines when pole-effect is eliminated. 

16. Attention is directed to the importance of certain precau- 
tions to be observed when iron-arc lines are to be used for com- 
parisons of intensity. 


Mount Witson SOLAR OBSERVATORY 
June 1917 
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THE PRINCIPLE OF GENERALIZED RELATIVITY 
AND THE DISPLACEMENT OF FRAUNHOFER 
LINES TOWARD THE RED 


By CHARLES E. ST. JOHN 


According to Einstein’s equivalence principle of generalized 
relativity, the lines in solar and stellar spectra should be displaced 
to the red when referred to the corresponding terrestrial lines. For 
any given frequency the magnitude of the effect depends upon the 
difference in gravitational potential between the gravitational field 
in which the emitting center is located and the terrestrial field where 
the radiation is received and measured. LEinstein* deduces an ap- 
proximate relation between the frequencies in the solar and terres- 
trial fields, namely, 

(to.—n)/No=2X10~°, 


or, postulating the constant space-velocity of light, 
A—Ay=2X 107A. 


The calculated displacement of two parts in a million is well 
within the possibilities of observation, being o.o10 A for \ 5000. 
A less approximate and perhaps more objective statement is, “at 
the surface of the sun the displacement is equivalent to the Doppler 
displacement produced by a radial velocity of 0.634 km per sec.’” 

As the occurrence or non-occurrence of such displacements is of 
fundamental importance in the theory of relativity and in the 
interpretation of observations of solar and stellar spectra, definite 
results from an investigation carried on with powerful instruments 
at command would have a double significance. The present con- 
tribution presents the details of such an investigation in which the 
primary object has been to determine what consideration must 


t Annalen der Physik, 35, 905, 1911. 
2A. S. Eddington, Monthly Notices, 77, 380, 1917. 
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be given to this deduction from the equivalence principle of gen- 
eralized relativity in the discussion of observations of solar spectra. 


INSTRUMENTS AND METHODS 


The 30-foot Littrow spectrograph and the 60-foot tower tele- 
scope on Mount Wilson were used in obtaining the main portion 
of the data. A grating of high resolving power and excellent defi- 
nition was at our disposal through the kindness of the Physical Lab- 
oratory of Johns Hopkins University, the ruled surface being 
114X160mm and the number of lines 95,000. The third and 
fourth orders with scales of 0.56 A and 0.36 A per mm were used. 

A common defect in narrow comparison spectra obtained by the 
usual occulting arrangement at the slit is the unsymmetrical ends 
of the arc lines and the irregular edges of the solar spectra. This 
disturbing element was eliminated, and the ease and accuracy 
of the measurements were increased by stretching a violin string 
on each side of the central strip of spectrum and close to the photo- 
graphic film. This also removed the effect of a slight astigmatism 
without involving the movement of an occulting shutter. Other 
possible instrumental displacements were avoided by making all 
comparison exposures simultaneous, the relative intensities being 
controlled by a rotating sector. The data in particularly important 
cases are the means of the closely agreeing measures made by 
three observers, and in all instances depend upon at least two. 


SELECTION OF OBSERVATIONAL MATERIAL 


Besides the principle of relativity, three other causes have been 
suggested which might account for a displacement of the Fraun- 
hofer lines in the direction of longer wave-lengths—namely, differ- 
ences of pressure, motion in the line of sight, and anomalous 
refraction. While anomalous refraction may produce sporadic 
effects under occasionally favorable density-gradients in the solar 
atmosphere, the conclusion from investigations and observations 
at this observatory is that, within the present limit of precision of 
measurement, the positions of the Fraunhofer lines in the spectrum 

*St. John and Babcock, Mt. Wilson Contr., No. 106; Astrophysical J. ournal, 42, 
22 ta LQrss 
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of the solar disk are not systematically affected by anomalous 
refraction.” Any effect due to the difference in gravitational poten- 
tial between the solar and terrestrial fields may be freed from that 
due to pressure by using lines whose pressure-shifts are negligible, 
such as those in the bands of the carbon arc at 3883 variously 
assigned to carbon, cyanogen, and nitrogen;? it may be freed from 
the influence of motion in the line of sight by observations upon 
the same lines at the sun’s polar limb. 

The richness of the ultra-violet Fraunhofer spectrum and the 
multiplicity of lines in the carbon-arc spectrum make the selection 
of suitable lines a matter of grave consideration from the point of 
view both of precision in measurement and of contamination by 
blends with lines sensitive to pressure changes. From an examina- 
tion of high-dispersion spectrograms of excellent definition lines 
were selected whose separation from neighboring lines was sufficient 
to assure that the measurements would be free from systematic 
errors. A previous investigation had revealed such errors and shown 
that their magnitude depends upon the degree of proximity and the 
character and intensity of the adjacent lines; it also furnished data 
for determining for spectrographs of. the dispersion and resolving 
power used in this investigation the limiting separation from neigh- 
boring lines within which measurements become unreliable. 

The lines finally selected were those of the nitrogen (cyanogen) 
bands listed in Tables I and II. Since they show wide variations 
in character and surroundings, an estimate was made of the weight 
to be assigned to results for individual lines. This estimate, based 
upon the appearance of the lines in both solar and arc spectra, is 
the observer’s a priori judgment whether the measurements would 
have high, medium, or low weight. These estimated weights are 
entered in the appropriate tables. 


™St. John, Mt. Wilson Contr., Nos. 93 and 123; Astrophysical Journal, 41, 28, 
1915, and 44, 311, 1916. 

2 The observations of Grotrian and Runge show that these bands are produced 
under experimental conditions that apparently preclude the presence of carbon, and 
that the essential condition is the presence of nitrogen in the absence of oxygen 
(Physikalische Zeitschrift, 15, 545, 1914). 

3 St. John and Ware, Mt. Wilson Contr., No. 120; Astrophysical Journal, 44, 15, 
Ig16. 
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THE OBSERVATIONS 


A. The arc wave-lengths—The wave-lengths of the lines under 
investigation were determined in the arc in terms of the same inter- 
national iron standards and under the same instrumental conditions 
as were later used for their solar wave-lengths. The agreement with 
the wave-lengths of Uhler and Patterson was so close that the mean 
was taken as the probable value. For a few difficult cases, in 
which evidently neighboring lines might have affected the measures, 
appeal was made to the difference, Rowland minus International, 
to decide which was the more probable wave-length of the arc-line. 
Uhler and Patterson’ consider their wave-lengths for sharp lines 
on a clear background to be correct in absolute value to 0.005 A. 
This appears to be an underestimate of the accuracy, as the mean 
difference, Uhler and Patterson minus Mount Wilson, taken with- 
out regard to sign, is only 0.003 A even when difficult lines are 
included in the comparison. The decimals of the adopted values 
of the wave-lengths are in the fourth column of Table I. 

B. Sun—arc displacements.—The critical questions are the be- 
havior of the investigated lines at the center of the solar disk and 
the relation between center and limb displacements. Owing to the 
importance of the possible results and the limited observational 
material available, the questions have been approached from several 
directions: 

1. At the center: (a) The center—arc displacements were di- 
rectly determined from simultaneous exposures on the sun and the 
equatorial sections of a carbon arc 6-7 mm long, fed by a current of 
6-7 amperes. These and all other comparisons between solar and 
terrestrial sources have been corrected for the earth’s motion. The 
results are in the first column of Table I. 

(b) The absolute wave-lengths of the solar lines were obtained 
from simultaneous exposures on the sun and on the iron arc, in 
terms of the same iron standards as were used for the arc wave- 
lengths. The differences between the solar and arc wave-lengths 
in the third and fourth columns of Table I furnish an independent 
determination of the center—arc displacements given in the fifth 
column. 

t Astrophysical Journal, 42, 438, 1915. 
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(c) The stable iron lines are displaced to the red in the solar 
spectrum. ‘The positive differences, Rowland wave-length minus 
International wave-length, for such lines when decreased by the 
corresponding displacements center minus arc give the difference 
R—TI that would be shown by lines whose solar and arc wave- 
lengths are equal. For the spectral region under consideration the 
mean value of this difference is 0.137A, which will be referred to 
as the “‘standard” R—I. Lines for which R—I is greater than 
0.137A are displaced to the red in the sun; those for which it is 
less are displaced to the violet, the excess and deficit being the 
measures of the corresponding center—arc displacements. Hence a 


TABLE I 


RELATIVE DISPLACEMENTS OF SOLAR AND Arc LINES OF THE NITROGEN (CYANOGEN) 
BAnpDs AT CENTER OF SUN 


SECTION A. LINES OF SOLAR INTENSITY 0oO-I 


| 
A CENTER OF SUN (b) (c) iS: 
(2) AARC AER a) ROWE AND sity |SERts| WEIGHT 
eas R-System LU. Be Rhee hee ROWLAND 
+0.002..| 3819.200 | .o61 .062 |—o.oo1 | 0.138 tNd| B, | High 
-+- .002..| 3825.260 | .126 2125) eel OOr aii || Teo) C, | High 
— .002..| 3833.744 | .610 .610 . 000 .134 ° Cr | Medium 
.000..| 3842.780 | .644 -648 |— .004 AZ? Om irl Pree High 
+ .oo1..| 3845.152 | .o21 .o1g |-+ .002 41} I B, | High 
.000..| 3846.667 | .534 5530 | 9002 253 to OOm meal eee High 
.000..| 3848.981 | .848 .848 .000 (ae IN B, | High 
+ .002..| 3850.784 | .652 .648 |+ .004 .136 ° B, | Low 
.000..| 3854.192 | .062 300%) |= cteloh .129 ° B, | High 
+ .002..| 3854.988 | .855 .854 |-+ .oor .134 I By | Low 
.000..| 3857.058 | .926 502 Zend: .136 0 CUS Sas High 
+ .002..] 3857.288 | .156 :158 |= .002 .130 I B, | High 
OO. a) SO5or 723 1 50L4) |e SO2n\— —OOL sau ° Br | Medium 
— .002..| 3867.116 | .980 5053-1 — 9.003 see} ° A, | High 
+ .002..| 3867.200 | .064 SOOT ||=1- O03 .139 fo) A, | High 
— .003..| 3867.908 | .776 779 |= .003 -129 I A, | High 
.000..| 3868.542 | .410 .410 .000 .132 I A, | Low 
+ .004..) 3868.624 | .489 486 |-+ .003 nligys, || Coxe) B, | Low 
.000..| 3868.702 | .570 sf |= lee .130 ° A, | High 
+ .003..| 3868.782 | .648 644 |+ .004 .138 | 00 A, | Low 
i002 3872.312 178 agent [i= Mero} Per ° 2 High 
— .oo1..| 3876.448 312 eHit ilo sleyete) .133 fo) , High 
— .oo1..| 3877.482 | .346 ree Ten | OOS, pas I : | High 
+ .oo1..| 3879.716 | .580 -579 |-+ .OOL 7 I 1 | Medium 
+0.003..| 3880.102 | .966 .964 |+0.002 | 0.138 I x: | Low 
ETC OOOU El srvens ebetcte rece] siete a oem leveus orton EAopooey)| Comyn ocnollecwaacilonoosaacn 
Average number of measures per line, 13. Average mean deviation per line, 0.002 A. 
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TABLE I—Continued : 
SECTION B. LINES OF SOLAR INTENSITY 2-4 AND PARTIALLY RESOLVED PAIRS 


A CENTER OF SUN (b) (c) 


INTEN- 
Sun—Arc spas pee copped es Serres| WEIGHT 
R-System LU. A Arc A Arc 
R.346 I Ar 
+0.001..| 3819.384 | .241 .244 |—0.003 | 0.140 Low 
R.412 i Ay 
R.406 ‘ fo) I 
+ .oo1..| 3822.435 | .290 | .290 SOOO |= 59145 Low 
R.470 ° Ax 
R.745 ) I 
.000..| 3830.774 | .630 .637. |— .007 ES 7 Low 
R.801 ° B, 
+ .004..| 3831.174 | .038 .034 |+ .004 140 3 Aid | Low 
R.639 I Ay 
+ .005..| 3836.660 | .520 «§16 |-- .004 144 Low 
R.689 I Ax 
+ .005..| 3844.377 | .238 -235 |+ .003 142 4 Aid | Low 
1 ,002775)|13540nT3 Te OO3 -999 |— .006 132 z : | High 
R.777 i x 
.000..| 3846.796 | .657 .656 |+ .oor .140 Low 
R.814 I Ay 
+ .004..| 3851.426 | .292 2 SOM | sCOO) .140 2N| Aid | Medium 
==) 0005.1 39525540 10405 ail 1 402m OOO! .139 2N| Aid | Low 
— .003..| 3853.62r | .487 -491 |— .004 | .130 2N) Aid | Low 
+ .006..| 3856.800 | .667 665 |+ .0o2 a135 2N | Aid | Low 
+ .004..| 3858.822 | .692 684 |+ .008 .138 2N| Aid | Medium 
+ .002..| 3862.626 | .493 489 |+ .004 sey) 2 Axb | Low 
+ .004..] 3863.534 | .402 399 |-+ .003 7135 3N | Ab | Low 
+ .004..| 3864.438 | .308 303 |+ .005 -135 3 A, | High 
+ .003..| 3865.284 | .r50 .150 . 000 .134 3 AxsB,| Low 
©.000..| 3866.125 | .989 -993 |—0.004 | 0.132 3 N | AisB.| Low 
Fn Ceey Hl Ea Ear ei Sala chido =+-GUOOT2| On TG Stumps alle stetete lsc rrersremetete 
Average number of measures per line, 22. Average mean deviation per line, 0.003 A. 


comparison of this “standard’’ value with R—I for the carbon-arc 
or nitrogen bands furnishes a method independent of the direct 
center—arc determinations. 

A preliminary examination indicated that as a class the carbon- 
arc lines were not appreciably displaced to the red in the solar 
spectrum. A possible explanation of this systematic difference in 
the behavior of the iron and the band lines was that the Rowland 
wave-lengths for the two classes of lines did not form a homoge- 
neous system. It is known that Rowland made an intensive 
investigation of these band lines, but it is not clear how their wave- 
lengths were connected with his standards. The solar wave-lengths 
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of the lines under investigation have therefore been redetermined 
in the Rowland system, the Rowland values for the neighboring 
iron lines being used as standards. There are no systematic differ- 
ences between the Rowland and Mount Wilson measurements, the 
sums of the positive and negative differences for 57 lines being 
+o0.086 and —o.094 A. The means of the two measurements have 
been taken as the wave-lengths in the Rowland system and are 
entered in the second column of Table I. In the sixth column are 
given the differences, Rowland minus International. For the lines 
of solar intensity oo-1 a mean displacement of 0.003 A to the violet 
is indicated, and for those of intensity 2—4 a displacement of o.co1A 
to the red. 

(d) A fourth independent method of determining the center—arc 
shifts is based upon the observations detailed below, which refer 
to the limb and its relation to the center, as the displacements, 
limb—arc, decreased by the corresponding limb—center values, are 
another measure of the center—arc shifts. 

2. At the sun’s limb: (a) The absolute wave-lengths of the 
investigated solar lines were measured at the limb in terms of the 
iron standards used for the arc wave-lengths. The results are in 
the second column of Table II. Simultaneous exposures were 
made on the center of the iron arc and the sun’s limb in latitude 
go° at a point distant from the edge one-eightieth of the diameter 
of the solar image. The displacements at the limb are then 
d limb— arc as given in the third column. 

(b) A check is furnished by increasing the center—arc displace- 
ments by the limb—center shifts independently obtained. The 
latter were found by the method used by Adams,’ and also from 
simultaneous exposures on the center and on a point on the limb in 
latitude 90°. The means of the closely agreeing results given by 
these two methods are entered in the fifth column of Table II under 
the heading “Limb minus Center.” 

It is to be remarked that the Rowland intensities given in 
Tables I and II should in many cases be modified. It is especially 
difficult to estimate the intensities of the components of close pairs. 
In general, the values assigned are too low. For example, the 

i Mt. Wilson Contr., No. 43; Astrophysical Journal, 31, 30, 1910. 
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. _ $3836. 639, 1 3846.77, 1 : 
double lines ee ‘ and ere if ate like 3844.378, 4d, 


in appearance and intensity in both arc and solar spectra. Though 
quite differently estimated by Rowland, they are placed in the 
same section of these tables, and, similarly, all partially resolved 
doublets measured as single lines are classed with nominally 
stronger lines, which in reality are more or less close pairs of 
similar lines. 

The lines under investigation are within a region of 60 A, in 
which Rowland catalogues about 250 lines belonging to the bands. 
In equal regions to the red and violet of the bands there are 400 and 
450 metallic lines, respectively. If the region \3819-A 3880 is 
equally rich in such lines, the probability of blends among the 250 
band lines is high. It is highest for broad lines formed by the coa- 
lescing of the components of doublets, higher even than for narrower 
lines of greater inherent intensity; moreover, the errors of measure- 
ment may be systematic, as frequently the compound lines are un- 
symmetrical. As the probable occurrence of blends is least for the 


TABLE II 


BEHAVIOR OF THE LINES OF THE NITROGEN (CYANOGEN) BANDS AT THE SuN’s LimB 
SECTION A. LINES OF INTENSITY 00-1 


Lines (a) phe ae gern Intensit Seri Weigh 
A Limb A Arc aN Contes hy Canter ee ae aa 
3819.107 .. .004 -++o.002 | +0.003 | +0.003 IN B, | High 
Bo25E50nee .126 OOr 000 | + .003 (ole) 1 | Low 
Bee YON ac O11 + .0or | + .cor | + .0o4 ° C, | Medium 
3842.770 . .646 = O02 | | - OO2m || OOS Ouest High 
BoA ser 4Onm .023 + .004 | + .002 | + .002 I B, | Medium 
3846.666 .. 536 000 | + .002 000 COMM tery Medium 
3848 .979 .. .846 — .002 | — .002 | — .002 IN B, | High 
3854.I91 . .005 + .002 | + .003 | + .004 ° B, | High 
3854.980 .. 855 ==) SOO .000 | + .oor I B, | Low 
3857.0603 .. 927 + .005 | + .oor | + .o02 cop el ea oeuar: Medium 
3857.288 .. .156 — .002 .000 | + .008 I B, | Medium 
3867.118 . .982 — ,oor | + .o02 | ++ oor ° A, | Low 
3867.906 .. a7 70 000 | + .003 | + .0o2 I A, | High 
3870.448 .. .310 =) OH) = seo .000 ° A, | High 
BOT eAStier 346 — .005 .000 | — .002 I A, | High 
3879.710.. .579 COON | m= OO Fa | OO? I Ar | Medium 
3880.105 . 904 ©.000 | —0.002 | —o.004 I A; | Medium 
Beare Mncscats cliente yore IKeIeeLo]|) ol (elolelyll OKC ss canae@elloccsonlsaaeaance 
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TABLE II—Continued 


SECTION B. LINES OF INTENSITY 2-4 AND PARTIALLY RESOLVED PAIRS 


A Li 

Lines A ab minus 
819.346 
cot -247 +0.003 
3822. 406) 
3822.470f .291 + .oo1 
3830.745\ = 
3830. 801f 636 00% 
3831.174. .039 + .005 
3836 .639\ 
3836. 689) 523 tr sO0f, 
3844.378 239 + .004 
3846.131 .907 = 3682: 
3846.777\ 
3846. 814f 660 + .004 
3851-427 295 + .009 
3852.541 406 + .004 
3853 .620 492 OOK 
3856. 802 671 + .006 
3858 .822 692 + .008 
3862 .626 494 OOS 
3863 .533 401 + .002 
3864. 438 308 cL EOOs 
3865 . 282 .154 + .004 
3866.122 -905 +0o.002 


A Limb 
minus 
A Center 


+o.006 


a 


I+ t++it + ++ 4+ + 4 


-- 


-OOT 


.006 


-OOI 


.003 


.OOI 
.004 


.003 


.003 
.002 
.005 
004 
.000 
.OOL 
.OOT 
. 000 


004 


+o.006 


A Limb 
minus 
A Center 
+o0.004 
+ .002 
— .002 
+ .002 
+ .002 
+ .004 

foley) 

.000 


++ +4+4++4+4+ 
() 
ie) 


Intensity 


Z 22ZAZ2ZzZ 


Z 


Series 


An 
As 


An 
As 


Br 
Bi 


narrowest lines, the division between Sections A and B of Tables I 
and II has been based upon line-intensity. For this reason, and 
because of the relatively high precision of measurement, greater 
weight is to be attributed to the data of Sections A. 

The series classification in the column next to the last in Tables I 


and II is from the work of Uhler and Patterson." 


A, is the nomi- 


nally ‘“‘singlet”’ series from the first head, but in all probability itis a 
series of doublets. Its ultimate doublet character, according to 
Uhler and Patterson, appears at \ 3860.626, line 47 of the series, 


t Astrophysical Journal, 42, 434, 1915. 
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though preliminary widening is evident in line 44 at d 3863.390. 
They say: 

On leaving the head and going toward shorter wave-lengths one acquires 
the impression that the A, series (doublets from the first head) gradually 
grows out of and away from A;. The first component of A, appears as a close 
companion of the eighth line of A;. The second component of A, appears as 
a close component of line 13 of A; [4 3881. 587]. 


The number of lines suitable for measurement in the series A, is 
limited by the conditions that they be free from the A, lines and 
the disturbing influences of their own doublet character. In the 
shorter B, and C, series—singlets from the second and third heads— 
duplicity is not a disturbing factor, and the components of the A, 
and B, doublets are probably by nature single. The conditions 
that the corresponding solar lines, inherently more difficult to 
measure, should be measurable with fair accuracy, further limits 
the available material. Sections A of Tables I and II contain 
nearly all the lines under investigation that fulfil the conditions 
necessary for measurements of high weight. 


DISCUSSION 


The mean results from the data in Tables I and II are 
exhibited in Table III and may be briefly summarized as follows: 
The magnitude of the displacement to the red required by Ein- 
stein’s deduction is approximately 0.008 A for the spectral region 
considered. Compared with this the observations at the center of 
the sun show a mean displacement of approximately o.oo1 A to the 
violet for the 25 lines of greater weight, and of 0.001 A to the red 
for the 18 lines of lesser weight, or a zero displacement for the 43 
lines. Asa displacement due to relativity would be independent of 
the character of the radiating centers, this discrepancy between the 
calculated and observed values for the center of the solar disk re- 
quires some influence producing displacements of solar lines to the 
violet of just the magnitude to balance the predicted effect. Anom- 
alous refraction, if active, would tend to displace the lines to the red; 
the wave-lengths of the lines employed are not appreciably affected 
by pressure; there is no evidence that wave-length depends upon the 
temperature of the source; of known causes there is left only the 
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possibility of an outward radial movement of the solar vapors with 
a velocity at this level of 0.634 km per second, which masks the 
assumed gravitational effect. At the sun’s limb the radial move- 
ment would be across thé line of sight, the Doppler effect would 
vanish, and the gravitational displacement of 0.008 A to the red 
should appear. For the lines whose measurement at the limb is 
most dependable, the 17 lines of Section A in Table II, the mean 
shift between the sun’s limb and the arc is zero. There are three 
reasons for assigning a high weight to this mean, namely: under the 


TABLE II 


COMPARATIVE SOLAR AND TERRESTRIAL WAVE-LENGTHS OF LINES IN THE 
NitTRoGEN (CYANOGEN) BANDS 


Srection A SECTION B 
At CENTER OF SUN 25 Lines 18 Lines 
in tensity mrtee ctor see core ie rea eee Oo-I 2-4 
a) Direct comparison of solar and arc spectra......... -++o.0006 +0.0024 
6) Xin center spectrum minus \ in arc spectrum....... — .0002 “a COn2 
c) (R—I) for band-lines minus “Standard” (R—I)....| — .0030 + .oo10 
d) (\ limb— 2 arc) minus (A limb—A center)........... — .OOoIr + .0008 
Meann(center— are) saa cmos ice eet tot os —0.0009 +0.0013 
At Live oF Sun 17 Lines 18 Lines 
Tis fel SUNY, coc eestor OP ae eS OF eT eae cence eae oO-1 2-4 
a) Xin limb spectrum minus \ in arc spectrum........ ©.0000 ++0.0037 
b) (A center—) arc)+(A limb—A” center).............. -+-o.ooor +0.0035 
Alea «(lamb — are) Pray -fete sae one rerageterre ete onran ©.0000 +0.0036 


highest resolving power used the lines show no sign of duplicity; 
the narrowness of the lines reduces the chances for blends and in so 
far increases the probability that we are working with uncontam- 
inated lines; and their isolation from adjacent lines is sufficient for 
measures of precision. 

If the results of lower weight for the 18 compound and broader 
lines in Section B are included, the displacement to the red at the 
limb is 0.0018 A, or one-fourth of the calculated amount. The 
displacement shown by the broader lines may, however, be due to 
blends with lines of other elements. Adams found that, at the 
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limb, displacement of the metallic lines to the red is the general 
rule. In passing from the center to the limb the mean for 120 
lines is 0.007 A. Undetected blends with such lines tend to 
introduce systematic displacement to the red at the limb for lines 
not sensitive to edge-effect and normally undisplaced. 

Adams found for 14 lines of the ultra-violet fluting a shift, 
relative to the center, of 0.002 A to the red, with which the mean 
for the 35 lines in Table II is in agreement. He attributes this 
displacement between center and limb to rising convection cur- 
rents. The 25 lines in Section A, Table I, lines of lowest level, 
indicate a rise of the vapors from the sun’s interior of 0.08 km per 
second. This compares well with o.12 km per second suggested 
by Adams. The displacement to the red in passing from the center 
to the limb for these low-level lines appears to be due to the dis- 
appearance at the limb of the Doppler-Fizeau effect in the ascending 
currents at the level where these weak lines originate. For the 
strong lines in Section B, the small displacement to the red at the 
sun’s center may be accounted for by a downward drift at the higher 
level of origin, in which all high-level lines appear to be involved. 
For both the weak and the strong lines the displacement is, however, 
of the order-of the errors in measurement, and great weight cannot 
be given to their distinctive behavior. 


OTHER OBSERVATIONS 


In an investigation bearing upon the behavior of the high-level 
calcium vapor in the solar atmosphere’ the wave-lengths of the H 
and K lines were determined in the arc and at the solar limb, with 
results as follows: 


H; K; 
t mm from the limb... . 3068 .478 3033-667 
AME AUN ITD. oo dgmodonH€ 3968.476 3033-665 
Imttherarcenprer ee et 3968. 476 3033-067 


Though the close agreement between the solar and arc wave- 
lengths may in part be fortuitous and the evidence for equality 


St. John, Mt. Wilson Contr., No. 48; Astrophysical Journal, 32, 36, 1910. 
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should not be unduly stressed, the observations indicate with a high 
degree of probability that the difference is not of the order of 
0.008 A, as required by the principle of relativity. 

As the gravitational effect is proportional to wave-length, the 
displacement due to it should be more evident for lines of great 
wave-length. The Mount Wilson data on the comparative wave- 
lengths of the iron lines in the sun and arc give for 25 lines of the 
stable 6 group, mean \ 6300, a mean displacement to the red at 
the sun’s center of 0.004 A instead of 0.013 A, required by the 
relativity theory, a discrepancy between calculated and observed 
values too large to be attributed to errors of observation. 

A complete report of an investigation by Schwarzschild, “Uber 
die Verschiebungen der Bande bei 3883 A.E. im Sonnenspektrum,”” 
has not yet reached America. According to the abstract in the 
Beiblatter, he finds that at the center of the sun there is a displace- 
ment indicating a downward velocity of o.2km per second and 
that, if this downward movement is taken into account, there 
remain only slight displacements, which cannot be considered 
favorable to the Einstein theory. 

For lack of fuller data a satisfactory comparison cannot be 
made between Schwarzschild’s results and those in this paper. If 
the lines used by him are similar in character and intensity to those 
in Section B of Table I, as seems probable, there is good agreement 
between his displacement to the red interpreted as a downward 
movement of o.2 km per second and the mean of 0.0014 A for the 
lines in Section B corresponding to a downward velocity of o.1 km 
per second. 

In Bulletin No. 39 of the Kodaikanal Observatory Evershed 
and Royds give the results of their measurement of 12 lines in the 
band at \ 3883 and their rather startling deduction of the receding 
of the solar atmosphere at the sun’s center and all around the cir- 
cumference where it is supposed to attain a velocity of recession 
of about 1 km per second. This suggested flow of the solar vapors 
from the hemisphere turned earthward at all points of the sun’s 
limb is assumed to be due to a repulsion of the solar gases by the 
earth. They base this hypothesis upon a displacement to the red, 

t Beiblatter, 39, 480, 1915. 
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indicated by their measurement of lines in the band at A 3383. 
They appreciate the difficulties involved in the idea, but consider 
that there is no alternative. The crucial point is the behavior of 
such lines at the sun’s limb. As is evident from the summation in 
Table III, the Mount Wilson observations, based upon a larger 
number of lines, fail to confirm the results found at Kodaikanal. 
For the lines of highest weight there is no displacement to the red 
either at the center or at the limb. The measurements are inher- 
ently difficult, and results may be more or less influenced by the 
choice of lines and by the resolving power, definition, and disper- 
sion of the spectrographs used. 

The displacements between center and arc observed at Kodai- 
kanal and at Mount Wilson, the appearance upon the Mount Wilson 
plates, and the estimated weights of the Mount Wilson measures 
are given in Table IV. The unresolved triplet groups (Ax, A2, Az), 
near the head of the band, where the A, doublets begin to appear 
and to separate from A;, are unsymmetrical in the sun and arc. 
After the triplet character becomes discernible, the components 
vary progressively in intensity and spacing so that settings upon 
the complexes are difficult and liable to systematic errors until the 
separation is sufficient to free a line completely. The weights of 
the Mount Wilson measures are based largely upon the degree of 
isolation of the lines. 

Evershed and Royds are of the opinion that the negative shifts 
for \ 3876 and \ 3877 are due to arc conditions and that the general 
shift to the red of 0.005 A observed by them is too small for the 
same reason. They state that the general effect of arc conditions 
is to reduce sun—arc shifts. When light is taken from near the poles 
of an iron arc or when a short arc with strong current is used, the 
sun—arc displacements for a large group of iron lines are negative, 
but this has not been observed for the lines of all elements. An 
examination of the carbon arc for pole-effect shows that the wave- 
lengths of these band lines are free from this disturbing influence. 
Simultaneous exposures were made upon the pole and center of the 
carbon arc with the 30-foot spectrograph in the fifth order of a 
Michelson grating of 66,000 lines. The scale of the spectrograms 
is 3mm to an angstrom. The results for lines of the series Aj, Lie 
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C,, A., and B, are given in Table V. There is no evidence of such 


instability as the iron lines of groups d and e show. 


TABLE IV 


THE APPEARANCE ON THE Mount Witson Pirates oF THE Lines UsEep 
AT KODAIKANAL 


LINES 


3503°. 533... —. 


3864. 
3876. 
3876. 
3870. 
3877. 
3877. 
3877. 


3879. 
3879. 
3879. 


3879. 
3879. 
3880. 


3880. 
3880. 


AR Owege is 
BAS ocie 
NAD Eee 
O22 ae. 
Aor ae 
iRevhs ied 
646.2. 


Sot ose 
304... 
BSS ois 


7GO eine 
Seta: 


AOSM ine. 
ISN Bes 3 
SOG ce - 


3880. 
3880. 


SUR e errs 
OP aia Ge 


3881. 
3881 


w20 ate 
noe Suma 


3882.828.... 
BOSZTOO SNe os 


Mean... 


INTENSITY 


CENTER minus ARC 


Kodaikanal | Mt. Wilson 


+o.o10 | +0.002 
-+- .008 | + .003 
— .002 | — .003 
+ .005 | + .003 
— .co1 | — .003 
+ .006 | + .002 
att OO Sal ataeersrevayers 
+ .003 | + .003 
+ .007 | + .003 
ah O07 |) te O08 
+ .008 | + .002 
+o.008 | +0.002 
+o0.005 | +0.0015 


In THE ARC 


A;, broad, con- 
fused with B. 
Ay 
Ay 
SAz 
\Az 
Ay 
SA; 
{Aa 
Ay 
Aa 
A, 
JAz 
\Az 
Ay 
Az 
Az 
A; 
Az 
Az 
A, first appear- 
ance of 2d 
compo- 
nent of A, 
A; — series 
Az 
A, first appear- 
ance of 1st 
compo- 
nent of A, 
A, series 


In THE SUN 


Trace of line on red 


edge: weight very 
lowin sun and arc 
Free: weight high 
Free: weight high 
Incomplete resolu- 
tion: weight low 
Free: weight high 
Red component > 
violet, weight low 
Not measurable as 
single line. A, 
blended with an- 
other line 
Partial resolution: 
weight low 


Resolved triplet, 
middle compo- 
nent a blend, 
weight very low 


Resolved triplet, 
middle compo- 
nent weak, weight 
low 


Apparent doublet, 
violet component 
of triplet blends 
with middle com- 
ponent, weight 
low 

Unsymmetrical in 

arc and sun, 

weight low 


In the case of \ 3876 and A 3877 an observed displacement to the 
violet might arise from the proximity of the lines on the red, if 
dispersion and resolution are insufficient, as there is then a tendency 
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on the part of the measurer to displace the violet and red compo- 
nents of close pairs to the violet and red, respectively.t On the 
Mount Wilson spectrograms the resolution is complete, and the 
separation from the adjacent lines is sufficient to show an equally 
intense background on both sides of the lines—conditions that 
experience has shown are necessary and sufficient for measures of 
precision. Two similar lines, \ 3879 and \ 3880, nearer the head 
and less separated from the adjacent lines on the red, whose measure- 
ment is presumably more liable to errors of this type, give 0.000 


TABLE V 
NEGATIVE POLE minus CENTER OF THE CARBON ARC 
A Series Pole-Center A Series Pole-Center 

Retin o eo B, 0.000 28607 OOO Mean A, ©.000 
3825 250en eee Cy — .0Or 3808-530 -n eee I . 000 
Boss AAs aces C, . 000 38082025 oeRr ne 2 . 000 
BOA SLAG Meee srsts B, . 000 38082700 sees 2 . 000 
BSA Ons herteret B, =| O01 BSO0Sn ToS a tae A, . 000 
38042435. here Ax .000 CUP aUs os aac 2 + .oo1 
BA fsitives Gon dos A, . 000 Beal Vl, ooo r . 000 
B807R2O5ee eres A, —0.001 Bey iotbelis oo ou x ©.000 

MiGan dei. lactate eats ©.000 


and -++-o.002 A, the mean of the four being —o.oo1 A. As a 
score of other lines of like intensity yield a similar result, it seems 
probable that small displacements are characteristic of these low- 
level lines and that within the limits of error displacements to the 
violet are not, on that ground alone, to be discarded. These 
observations remove the necessity felt by Evershed and Royds 
of assuming an effect of the earth driving the solar vapors from the 
sun’s earthward-turned hemisphere and leave the question of limb- 
effect for further investigation, with pressure, level, and line- 
intensity as probable contributing factors. 

I wish to express my appreciation of the assistance given in this 
difficult investigation by Miss Miller, who has had a large share in 
the measurements of each type, and to Miss Ware, who has checked 
the results of Miss Miller and myself in the most critical cases. 


*St. John and Ware, Mt. Wilson Contr., No. 120; Astrophysical J ournal, 44, 15, 
Ig16. 
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SUMMARY AND CONCLUSIONS 


t. The wave-lengths of a group of lines in the band spectrum of 
nitrogen (cyanogen) have been measured at the center and at the 
limb of the sun and in the carbon arc, in terms of identical iron 
standards, and their solar wave-lengths have been redetermined in 
the Rowland system. 

2. Emphasis was put upon the selection of lines, with a view to 
precision of measurement and freedom from blends, which is 
particularly important for observations of the limb, where measure- 
ments are inherently difficult and blends with metallic lines intro- 
duce systematic errors of the sign required by the relativity theory. 

3. Sun—arc displacements have been determined at the center 
directly and by three indirect methods. 

4. Limb—center and limb—arc displacements have each been 
determined by two methods. 

5. The sun—arc displacements for iron lines in the region were 
measured, and from these a standard value for Rowland minus 
International was found for lines showing no displacement at the 
sun’s center. With this the corresponding R—I for the selected 
band lines was compared. 

6. The mean sun—arc displacement at the sun’s center for 25 
band lines of intensity oo-1 is —o.oo1 A, and for 18 lines of in- 
tensity 2-4 it is +0.0014 A, with a mean of zero for the 43 lines. 

7. The mean sun—arc displacement at the limb for 17 band lines 
of intensity oo-1 is 0.000 A, and for 18 lines of intensity 2-4 it is 
+0.0036 A, with a mean of +0.0018 A for 35 lines. 

8. The conclusion is that within the limits of error there is no 
evidence in these observations of a displacement to longer wave- 
length, either at the center or at the limb of the sun, of the order of 
0.008 A, as required by the principle of relativity. 

g. There is a limb-effect not due to motion, in which pressure, 
level, and line-intensity appear to be involved in varying degrees 
for different elements. 


Mount Witson SOLAR OBSERVATORY 
June 1917 
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THE SPIRAL OF OBSCURATION 


COMMENTS ON PROFESSOR TURNER’S REPLY 
By FREDERICK H. SEARES 


Professor Turner discusses' numerically the data in Table VI 
of Mount Wilson Contribution No. 135? and concludes that they 
give very good evidence in support of the spiral of obscuration. He 
demonstrates the substantial agreement of the progressive change 
in the sums of quantities derived from this table, when appro- 
priately rearranged,’ with the varying ratio of faint stars to bright 
stars defined by the spiral. But is not something more than accord- 
ance in the sums required for the substantiation of the spiral ? 
Such an agreement might appear when the differences in each line 
but one of Professor Turner’s table were all zero, although the 
evidence obviously would not then support the spiral, but indi- 
cate instead a local phenomenon affecting only a single zone of 
declination. Evidently the number of zones agreeing with the 
spiral must also be considered, and unless these are numerous the 
support of individual favorable cases will be accepted with caution. 

Examining Professor Turner’s table, we find that the clustering 
of signs is to be traced mainly to the similar variations affecting the 
zones at +17°, —41°, and —42°, although part of it is attributable 
to the circumstance that the algebraic sums of the quantities in 
each line are not zero. Adding a constant to each line to make the 
sums zero and transferring the results for +17° to the bottom, we 
have Table I, whose sums display the same progressive change as 
was found by Professor Turner. 

For the first six zones the clustering is no longer conspicuous. 
It is pronounced, however, for the last three, whose minima agree 
satisfactorily with the obscured region of the spiral. Two zones 
(+62°, —1°) among the first six are also in agreement, although 
the amplitude is not much larger than the accidental errors. The 

t Astrophysical Journal, 46, 226, 1917. 2 [bid., 46, 117, 1917. 


3 See last line of his table on p. 227 and the related discussion. 
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sequence of signs for +9° suggests an agreement, but the beginning 
of the series corresponds to a nodal point rather than a minimum. 
The remaining three cases (+28°, —17°, —32°) are unfavorable. 
The zone at —6s° is not included, as it has already been rejected 
by Professor Turner as discordant. Noting that the two Cape 
zones have essentially the same declination and count, therefore, as 
one, we find no excess of favorable cases, even when the last three 
zones are included. 


TABLE I 


(Unit =o.o1 in Logarithm) 


Zone First Hour| (1) | (3) | (5). | (7) | (9) | (zx) | (13) | (as) | (27) | (x9) | (21) | (23) 
16208 dames I — 1/—-13/— 3/+ o/4 2/— 4)tr1]/+ 4/4 4/+10/—14/— 9 
leo Oenteee ert 9 + 8/+ 2/+14 ol— o|— 8i-+ 8i+ 8i— 7\—27|/—17/-+30 
shox Qiu gsitere: 15 + 1/—10/—16)/—13/— 8]+18]+19/+ 8}/—16/4+19/— 6|+ 8 
ae eae 7, — 4l— 6 o]— 4l+ 6|+10]/— 4Il+ ol+ 4!— si— 7/4+ 3 
Sar Rs Seas 21 + 3i+ 3/+ 5|+10/—28/— o]/— 1/+13/+ 1/+ 9|/—16|/+14 
SSCP ees ercecn I — 2 o|+ 4)— 7/+ 2!—10]/— 3/4 3 o/+ 6|/+10/+ 1 
SAT Wise heey 3 —16|+ 1/— 9/—23/+10]+ 2/+17/4+15/+ 6/+ ol— si— 9 
AD Neston aut ae 3 = 2)\—1tl— 6|—10\-- 3i-- Sin- 184 Sle f2 ia 4 4 — 7 
Sleeve ahs 13 +10}/— 7;—10]/— 7)+10]/+29,+ 8/+ 7/— 3\— 4;—21/—17 
SUMITS tes ikcse eer + 5|/—24/+ 4/— 5|—36]— 3]+30]+45|—14|+12|—so|+47 
Sum’ last three?...2.4-- — 8)/—17|/—25|/—40|+ 23/+36]+36|/+30)+15|+ 9/—30/—33 
Sum all zones......... — 3)—41|/—21|—45|)—13|/+33|+66|+75/+ 1|/+21/—80|/4+14 
Mean lat., first six..... 39°| 382). 390°] 30°] 375| 32°| 3oc|) 26°)! 262) 21°] 32° ig 
Mean lat.; lastithree. 715640143) 20) A roiees 7 soa iron eT Salas ae . 


A certain amount of progressive fluctuation is to be expected, 
however. Seasonal factors, for example, are almost certain to influ- 
ence the results; and even when their phases are distributed at 
random from zone to zone, the number of cases agreeing with an 
assigned distribution closely enough to be accepted as favorable 
to that distribution will be considerable. In the present instance 
it does not appear that this number is large enough to establish a 
relation between the observed distribution and the spiral of obscura- 
tion. These details may be verified by an inspection of the curves 
in the right half of Fig. 2 of Mount Wilson Contribution No. 135. 

Examining now the question quantitatively, we form the sums 
for each column of the first six zones and find an oscillation of sign 
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that appears to be wholly fortuitous, whence we conclude that the 
fluctuation noted by Professor Turner is caused by the pronounced 
variation affecting the zones at —41°, —42°, and +17°. In other 
words, the irregular distribution in these two regions affects appre- 
ciably the mean for all the data, and it is this dominating influence 
of the Cape and Bordeaux results that appears in Professor Turner’s 
figures; but, since the total number of cases of agreement is not 
greater than might have been expected because of inherent uncer- 
tainties, I see no reason for modifying the judgment previously 
expressed, 

Irregularities in the stellar distribution undoubtedly exist, and 
eventually it may appear that those remaining after eliminating 
the effect of the galactic condensation possess a systematic char- 
acter; but I should hesitate to believe that at present we have any 
reliable indication of such a phenomenon. As far as the data under 
discussion are concerned, the spiral 


a—2.24 6= 206° 


seems to represent them much better than the one proposed by 
Professor Turner. The matter is immediately tested by drawing 
a line across the right half of Fig. 2 of my original paper in such a 
way as to intersect the +62° axis at a=23", and the —65° axis 
ata=4». This will then represent the line of greatest obscuration, 
and inspection shows that in no case will the agreement with the 
minima of the individual curves be less satisfactory than before, 
while for +28°, —32°, and —65° there will be an appreciable 
improvement. But at the present moment, in view of the un- 
doubted presence of seasonal influence and other systematic errors 
in the Astrographic counts, I should attach no significance to this 
circumstance. 

Finally, it is important to note that an appropriate modification 
of the galactic condensation adopted for the faint stars will remove 
entirely the progressive variation which arises from the preponderat- 
ing influence of the zones at —41°, —42°, and +17°. Let us 
examine the mean latitudes in the last two lines of the table. For 
the first six zones these are sensibly the same for all the columns, 
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but for the last three zones they show a marked variation. Now 
the quantities in the body of the table are differences of the form’ 
6=log pe log We 
the first term involving the observed value of the ratio of faint stars 
to bright, while the second includes the value of this ratio calculated 
from the mean densities in Table III, Mount Wilson Contribution 
No. 135. A change in the adopted galactic condensation of faint 
stars relative to bright stars will modify the second term, but for a 
specified galactic latitude the change will be constant and the rela- 
tive values of 6 for a series of equal latitudes will remain unchanged. 
Since the mean latitudes for the first six zones are nearly equal, 
the sequence of the sums of the tabular quantities for these zones 
will not be appreciably affected by a change in the condensation. 

On the other hand, the three zones which show a marked fluc- 
tuation in 6 also show a wide range in the mean latitudes. Positive 
values of 6 in these zones correspond in general to small galactic 
latitudes, and negative values to large latitudes. Now suppose the 
tabulated mean density for the faint stars to be slightly increased 
in the lower latitudes. This will increase Np and reduce the posi- 
tive values of 6 to zero. A similar but opposite change in Np for 
the higher latitudes will neutralize the negative values of 6. 

I have previously mentioned? the uncertainty affecting the 
determination of the galactic condensation from the Astrographic 
data, and a reference to the lower curve in Fig. 1 of Mount Wilson 
Contribution No. 135, which illustrates the difficulty experienced 
in drawing some of the curves, will indicate whence this uncertainty 
arises. The modification necessary to eliminate entirely the pro- 
gressive variation in the sums of 6 for all the zones is well within 
this uncertainty, and for this reason the mean densities derived 
in Mount Wilson Contribution No. 135 may be accepted for the 
present. 

These conclusions are also in harmony with other circumstances. 
For example, it is a contention of this discussion that the spiral of 

See equation (1) of Mt. Wilson Contr., No. 135. 

* Mt. Wilson Contr., No. 135, p. 133 Astrophysical Journal, 46, 129, 1917. 
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obscuration, for the most part, is only the increasing galactic conden- 
sation which appears with increasing limiting magnitude exhibited 
under another form, and that the spiral disappears when the data 
are freed from the effects of the condensation. Treated by them- 
selves, the Cape results for — 41° indicate a very high relative value 
of the condensation, much higher than the mean for all the data. 
When corrected with the aid of tables of mean distribution, traces 
of the galactic concentration (or of the spiral) will remain, and 
this is just what we find for the zone in question. 

Professor Turner has commented on the magnitude of the con- 
densation for this zone,’ and it is of interest to note that, with the 
exception of the zone at +62°, the other values of the condensation 
coefficients given by him? are all similarly related to the systematic 
variations shown in the right half of Fig. 2, Mount Wilson Con- 
tribution No. 135. Thus the Bordeaux and Algiers coefficients 
(+17°, —1°) are also large, and the corresponding curves, like 
that for the Cape, have been counted as cases favorable to the 
spiral, while the small values for Oxford and Perth (+28°, —32°) 
correspond to unfavorable cases. 

The remaining comments to be made on Professor Turner’s 
reply are altogether minor in character. He refers to my use of 
only a part of the material collected by him. To avoid misunder- 
standing it may be well to repeat that some of his published data 
are not in a form suitable for the investigation undertaken in Mount 
Wilson Contribution No. 135. All that could be used were included 
in the discussion. 

I think that we are entirely in agreement as to the importance 
of the counts he has collected. They undoubtedly admit of a close 
co-ordination of the scales of the various Astrographic zones, as 
Professor Turner himself has shown by the comparisons that he 
has made with the scale of Chapman and Melotte. The regularity 
of increase in stellar density with decreasing galactic latitude, which 
appears even when the counts are restricted to comparatively small 
areas, is an impressive phenomenon and an excellent indication of 
the value of density as a measure of stellar brightness. 


t Monthly Notices, 75, 608, 1915. 


2 Ibid. 
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The meaning of the sentence from my article quoted by Profes- 
sor Turner in the last paragraph of his reply would have been clearer 
had the wording been different. The implication was that we wish 
information as to the uniformity of distribution after the galactic 
condensation has been removed. By looking for irregularities along 
parallels of latitude, the effect of the condensation will not enter, 
and we may feel certain that any irregularities thus discovered 
will not be the consequence of residual errors in the adopted values 
of the condensation. But to trace the course of any irregularity, 
galactic latitude, the second co-ordinate, naturally requires con- 
sideration, as Professor Turner suggests. 


Mount WILSON SOLAR OBSERVATORY 
August 22, 1917 
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NOTES ON THE COLOR-CURVE AND LIGHT-ELEMENTS 
OF W URSAE MAJORIS 


By HARLOW SHAPLEY anp J. VAN DER BILT 


The variable W Ursae Majoris' is of particular interest because 
of its exceptionally short period (four hours between minima) and 
because when interpreted as an eclipsing binary its mean density 
is more than twice that of the sun. Discussions of the orbit have 
been published by H. N. Russell? and H. Shapley.’ A further 
study of the light-variations and orbit, on the basis of simultaneous 
photographic and photo-visual observations, was begun with the 
60-inch reflector in 1916. The work was discontinued, however, 
upon learning that a similar investigation, based on Potsdam visual 
observations and unpublished photographic measures from Har- 
vard, was already under way at Princeton.4 The following pages 
contain a brief discussion of the color-curve obtained from the pre- 
liminary Mount Wilson observations, and an investigation of the 
light-elements based upon a considerable number of published and 
unpublished observations of minima during the last thirteen years. 


OBSERVATIONS AT MOUNT WILSON AND UTRECHT 


The magnitudes of the comparison stars used on the photo- 
graphs with the 60-inch reflector were determined in the usual man- 
ner from ten polar-comparison plates (Table I). Magnitudes of 
the variable, derived from a series of Seed 27 and Cramer isochro- 
matic plates made on April 26, 1916, are given in Table II. Six, 
seven, or eight exposures were made on each plate with exposure- 

=W Ursae Majoris=B.D.+56°1400; a=9536™43°, 5=+56°24/5 (1900.0); 
spectrum G. 

2 Astrophysical Journal, 36, 139, 1912. 

3 Contributions from the Princeton University Observatory, No. 3, p. 82, 1915. 

4Since this paper was written the Princeton results have appeared in Astro- 
physical Journal, 45, 306, 1917. 
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times of one-half, one, or two minutes. The phases were computed 
with the formula given below. A plot of these results shows that 
the color-index on the Mount Wilson system is about +-0.85, with 
little evidence of change during the cycle of light-variation.* 


TABLE I 


MAGNITUDES OF COMPARISON STARS 


Mount WILson 
STAR B.D. H.A., 63 Cotor-INDEX 
Photo-visual Photographic 


ERASE SARE RS OnE 307 allo pexeis aie atereeas 6.64 7.65 +1.01 

Diana Seren ete | -++56 1309 8.74 8.76 9.90 +1.14 

(OB Mes Steaphan 315 +56 1398 8.73 8.80 10.08 +1.28 
TABLE II 


Mount WILSON OBSERVATIONS OF W URSAE MAJoRIS 
April 26, 1916; J.D. 2420980 


PHOTOGRAPHIC PHOTO-VISUAL 

Plate |Gr.H.M.T.|Apertures} Phase Mag Plate |Gr.H.M.T./Apertures| Phase Mag. 
3034P .| 4672 14,9, 6|—o0%142| 8.76 | 3035P | 49676 | 14,9,6}/—09138] 7.91 
BOZOm eel me O2 CANON swe L 12 Ne OMlies O87. mn OO. I4 —leTo8lias uate 
BORO. well 67S EA; Ol =) O48 164 1 NZ02 0724 14,9 |— .000) 7.88 
BOAO Melis 7:3 7) TAO 8 OF Te Onoe le OAe | ne 4O 1450) |— <074\ 7.06 
Roya aN aly 14,6 |— .o60) 8.84 | 3043..| .758 14,9 |— .056| 8.07 
BOAA ee ine 70 T4,9-.|— .043: 8.06 | 3045...) 774 EATON = O40 OOS 
3046...| .780 14 = 025] 9.06 | 3047..| .702 EAS ON N= O22 ronre 
BOA Sma MEE oO? I4,9,6/— .012| 9.20 | 3049..| .805 EA OM = a OOO| oat 
BOSOw nil Mola: 14,9 ROOONOn2 7a SOS teas nme oie E40 | .003] 8520 
BOSE ae o20 ICOM ae KOH Giz) || Borgo al] seer 14,9 |-- .o18| 8.15 
BOSSA EOE EA) Ont sO27 oO -OvUN SOS beni mmOAy. 14,9 |+ .030| 7.98 
BOSO eel) O50 14,9, 6}+0.042| 8.52 | 3057..)] .860 14,9, 6|/+0.046| 7.81 


Though the light-curves of this variable often show an asym- 
metry which, if real, could not be accounted for completely by the 
simple eclipse theory, the star evidently is not a Cepheid variable, 
as is sometimes supposed, since no conspicuous change of color 
is found. Moreover, Russell has no difficulty in interpreting the 
light-curve, or in explaining the differences between visual and 
photographic curves through differences in darkening at the limb.? 


t The last two plates are uncertain because of the low altitude of the field. 
2 Popular Astronomy, 25, 30, 1917. 
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At the Utrecht Observatory 105 observations of W Ursae 
Majoris were obtained with the polarizing photometer attached to 
the 43-inch refractor.t At maximum the variable is a little too 
bright for this instrument’, but the minima can be determined very 
sharply. The following comparison stars were used: 

a=B.D.+54°1329= Potsdam Gen. Cat. 5731; Mag.=7.73 
b= + 56°1412=a+0"33 8.06 
c= +56°13909=a+1. 38 9.11 


The brightness of both 6 and ¢ was derived from the measured 
differences with a. 

The method of observation differed somewhat from the usual 
one inasmuch as more settings were made on the rapidly changing 
variable than on the comparison stars. In the interval covered by 
the observations on each evening three to five measures of each 
of the comparison stars were secured, and these were plotted against 
the time on squared paper. After allowance for extinction, the set- 
tings were usually remarkably constant and could be read accurately 
for the times corresponding to the measures on the variable. In 
this way the latter could be closely followed through the steep 
ascents and descents of its light-curve. 

The Utrecht observations are given in detail in Table III, the 
fifth column containing the differences in hundredths of a magni- 
tude between the adopted value and that given by each of the 
comparison stars. 

THE LIGHT-ELEMENTS 


Since about 6000 epochs have elapsed since the latest discussion, 
a revision of the light-elements can now be made. In view of the 
possibility that the light-curve may be changeable in form, as many 
individual minima are included in the computation as can be derived 
with sufficient accuracy from the published series of observations. 

The list in Table IV contains 67 minima, extending over an 
interval of 29,273 epochs. That numbered 61 has not been used 
in the derivation of elements. Nos. 59 and 60 were received from 
Professor Jordan after the completion of the solution and have been 

t The instrument has been described in Recherches astronomique de ’Observatoire 


d@’ Utrecht, 6, 10, 1916. 
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TABLE III 


UrrecHT OBSERVATIONS OF W UrRSAE Majoris 


i * 

Date Manta seis Phase Mag. , Een , 
1916 0982.461 ofo071 8.42 Sy aeaaioet 5 
April a Siete .505 116 8.16 — 2, + 3 
.548 158 Taye + 1, i fo) 
0983 .408 .o18 8.07 — Q, »y +9 
: Here .029 8.11 — 4, Bie ey 
429 -039 8.06 ae ara 
440 .049 8.14 — I, ate 
: 452 .062 8.24 Own aess ° 
PN alee we oc oe 503 113 8.30 ca Ges 
515 125 8.23 or Men hy 
524 134 7-97 ai Re SE 
535 144 7-99 T+ 4,..-.45— 3 
544 153 7.87 Fhe, Sain egies 
0995 .408 .008 7.80 His pb.con ape 
.421 O21 7.94 =2O) sae lO 
.428 028 7.87 Rory MUN s? Ks: 
-433 033 7-92 ef PRE ea wav 
-438 038 8.02 = Osea set 
-444 044 8.06 sae Seas ereig Stee O) 
-450 050 8.15 =) Be eatin Ss 
-459 059 8.24 Ap oo. eek S 
.468 068 8.48 Se einai ans 
May 21 Sets ranerscr 473 073 8.43 Ane aeons 
.480 080 8.65 me Ao ia sig atc 
489 089 9.09 Pris tay gees 
405 095 8.71 aE A hay etme 
501 IOI 8.76 Os Fishy ate 
508 108 8.54 ste Eneeces ° 
514 114 8.30 cede hele O. 
525 125 8.16 ats Ee Sos Aeieh ° 
547 147 7-99 he 25 or kty aa 
556 156 7.99 SEs yeas ° 
IOOI.410 .005 7.92 ay ek ek 
-423 .o18 7.92 Nita eels ° 
-428 .023 7.88 S5 Oo, ° 
-434 .029 7-97 Op aS 
-438 -033 7-99 25 POS 
.448 043 7-97 aia Bp Ge) 
.461 .056 8.14 * 3) ae 
465 .060 8.19 See 
.469 065 8.28 »— 3+ 4 
Mayarravesct (acres 474 069 8.39 +» — 4+ 5 
.483 078 8.48 »—-5,+5 
486 082 8.60 i= Spar 
-491 .086 8.69 oe 5 + 5 
-495 .090 8.70 5» — 5+ 5 
. 500 -095 8.55 5» —- 5,+ 6 
.505 . 101 8.44 5—-5,+5 
Ait) RET 8.32 5 —-5,+6 
527 w122 8.02 +» —- 6+ 6 
- 536 0.131 7.89 -»— 5,+ 6 


ere nena MR Cena PSU eee SELMER Cele eh 


*A positive residual means that the adopted magnitude is brighter than that derived from the 
comparison star. 


288 


NOTES ON W URSAE MAJORIS 


TABLE IUWI—Continued 


Date seeped uti Phace Mag . Residuals A 
1916 1003 . 408 ofoor 7.95 + 8,— 4,-— 3 
415 -009 7.88 abso Bian 
424 O19 7.98 Sie cae Dea 
-429 .024 7.90 + 1,=-1,- 1 
-434 .027 8.00 Oy; Ll, = 2 
-439 034 7-99 = oor ey © 
.448 .043 8.01 = ae B. fo) 
-450 O51 7-99 a eae ay ae 
-465 .060 8.18 —— Alaa tae 

- 469 eee See = ee a 2 
-473 .O +50 — 4, 2, & 
VIA WEMEO tai avee acter “478 “072 8.53 = eee ee 
.482 .076 8.41 eee tos 
-487 081 8.47 ett eset Aca me. 
-496 090 8.70 = oy Sp 2) 

- 500 -094 8.71 See eae 
-505 .098 8.65 — 2,—1,+ 3 
.510 . 104 8.41 = a ti a 
-520 wae} 8.26 °, o,+ 1 
530 B23 8.05 — I1,+ 2,— 2 
541 -135 7-93 Sy tay 
-554 .148 7-89 se Oye iam S yaataeae 
I005.415 .007 8.18 a hay eee ee 
.421 .O13 8.03 reg eo 
433 .025 8.10 Cretan Oo, = © 
-443 035 7-90 1 Oye By 80 
451 -043 8.01 Stabe eho aro 
-459 -O51 7.07 = 6, Do ==> Gj 
.466 .058 8.14 ap & o, — 6 
472 064 8.30 abode 10) 8—a5 
-475 .067 8.35 fe eC cae Ss 
-479 O71 8.44 ap ip = ly = a 
Maye teak ceases 483 O75 8.60 +s5,—-1,-4 
-487 -079 8.63 pee a 
490 082 8.54 qP Sy = A= 2 
.496 088 8.84 ae = B= 4 

. 500 092 8.86 ap Gh = y= & 
.505 .097 8.70 + 7, o, — 6 

- 509 . IOI 8.62 ap os On iS 
-516 . 108 8.51 -++1o, -+ 1, —1f 
526 .118 8.28 auch se Py Se 
5533 .125 8.09 eis Sim Ay ee! 
IOI2.420 .007 8.08 am epe © 
.432 .018 8.01 EA O, ° 
437 023 7-96 en state 
.442 .028 7-93 aos 
450 .036 8.07 Sige Oy ts 0 
-450 .045 8.26 s, = 0, 4r © 
WEIN 22555, og ao ob ade 480 007 8.52 ~~ at 2 
.486 .073 8.44 5 0, fe) 
-499 085 8.74 a5 ©) Ch ap a 

- 509 095 8.57 i> Spy? 
7557 . 104 8.54 -»— 1,4 2 
525) O.112 8.34 ap ae us ° 
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used only to indicate the representation in 1915 by the adopted 
elements.* 

For the designation of the observers the following abbreviations 
are used, the method of observation being indicated in parentheses: 
MK=Miiller and Kempf (photometric); F=Fauth (estimates) ; 
PJ=Parkhurst and Jordan (photographic); T=Tikhoff (photo- 
graphic); Ba= Baldwin (photometric); H=Horn (photographic) ; 
L=Lazzarino (photometric); P=Padova (photometric); J= 
Jordan (photographic); Sh=Shapley (photographic); Bi=Van 
der Bilt (photometric). 

The following points are to be noted: 

1. The minima published by Miiller and Kempf and those by 
Parkhurst and Jordan have been taken as they stand. There are 
two misprints in the latter’s comparison with Miiller and Kempf’s 
data;? the calculated time of the minimum of December 7 should 
be 19"55™, and the residual minus instead of plus. 

2. The detailed observations of Fauth, made by Argelander’s 
method, are not accessible. Though the results are probably less 
accurate than those obtained by photometric methods, we have 
not thought ourselves justified in rejecting them on account of this 
a priori assumption. 

3. All the observations made by Tikhoff have been plotted and 
several minima derived which had not been discussed previously. 


Color Screen Residuals (Unit is odooor) Mean Residual 
Oraneese cesses: +23, —33, — I, +15, —20 — 5 
Green-blue. 7-0... -+- 6, +46, +-38 +30 
Ultra-violet....... £34, 12345 40; 4-435 433 +38 


Though the various filters seem to give systematic differences in 
the time of minimum, the accompanying tabulation, based on data 


« For the sake of completeness, times of minima have also been computed for the 
new Harvard photographic observations from the data given by Russell, Fowler, and 
Borton in Table IX, Astrophysical Journal, 45, 321, 1917. The representation of 
these times by our adopted light-elements is as follows: 


7,380 


1,120 F 
+odo008 


ot oors 


16,000 
+04 0016 


24,600 
—odooo4, 


2 Astrophysical Journal, 23, 84, 1906. 
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in Table IV, shows that these differences hardly exceed the observa- 
tional uncertainty.‘ The individual measures have a considerable 
accidental error, and as only one of the color-filters was used at 
each minimum systematic errors may be involved if the period is 
not strictly uniform. 

4. All the observations by Baldwin have also been plotted, 
and with the aid of the mean light-curve given by him several 
new minima were derived from incomplete light-curves and are 
available for the discussion. 

5. Horn, working with photographic trails, gives the times of 
three maxima. Since it is uncertain whether the minima occur 
exactly half-way between the maxima, and since the latter can 
usually not be determined with the same accuracy as the minima, 
we have made a new grouping of Horn’s observations for an 
independent derivation of the minima. A striking feature of his 
mean light-curve, entirely differing from the results of other 
observers, is that the horizontal line through the points of median 
magnitude is divided by the light-curve into approximately equal 
parts. The curves obtained by other observers all indicate that 
the part of this line below the maximum is nearly three times as 
long as that above the minimum. The actual figures are: 


Miiller and Kempf........... ofr25 and o4042 
bart ag ls aegive’y, Meet erate einer emt hey OLf2T i OROAG 
Wate ee eS. Aa Ses cee ete Gli 2hws oOroAs 
PORT cease a idee tae a ches 0.00710 1k O1070 


Further, one (and probably two) of Horn’s observed curves shows 
a constant minimum of more than 25 minutes. The explana- 
tion of both phenomena may be that the photographic trails 
at minimum were so faint that they could not be measured 
accurately. 

6. The mean light-curve published by Padova was derived from 
a very non-homogeneous grouping. A new mean curve has been 
constructed and the separate minima determined as accurately 
as the observations allow. 


t For a note on the interpretation of Tikhoff’s results see Kron, Potsdam Pub- 
lications, 22, Pt. 3, p. 56, 1912. 
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The 64 minima used in the computation yield the following new 
light-elements: 
Heliocentric Minimum= J.D. 2418075 .8176-+041668196E, Gr.M.T., 


the period of revolution being double the interval between minima. 

The residuals to which the foregoing formula leads are given, 
both in fractions of a day and in minutes of time, in the sixth and 
seventh columns. The mean residual is of0050. The algebraic 
sum of the residuals is —o%oo14. There are 30 positive and 34 
negative residuals, 37 recurrences of sign, and only 26 changes, 
which points to some systematic change in the period. The evi- 
dence for this is strengthened by the fact that the first and the last 
six residuals are all negative, with practically the same mean 
value, viz.: 

Mean epoch= 148, Mean residual=—o4%0066 
or ‘¢ = 29,200, oe ‘<= —0.0053. 
Were the time of normal minimum displaced by this amount, all 
but four of the intermediate residuals would become positive. 

There is, however, no indication of a systematic difference 
between the odd and even minima. We derive: 

Mean residual of 39 even minima =+o040005 
Mean residual of 25 odd minima=—o.ooo9, 
a difference wholly covered by the observational errors. 

From the present study a perturbation of some character appears 
certain, but the data are as yet insufficient to determine the law of 
variation. 

SUMMARY 

1. Mount Wilson photographic observations of W Ursae 
Majoris, the star of highest known density, give a color-index in 
agreement with its spectral type (G), and show no conspicuous 
change of color between minimum and maximum light. 

2. From a series of photometric measures made at the Utrecht 
Observatory (Table III) the times of six minima have been derived. 

3. A study of 64 minima, distributed throughout an interval 
that includes 29,000 recurrences of minimum light, reveals a small 
but distinct perturbation of the period (Table IV). 

Mount WIitson Soar OBSERVATORY 

June 1917 
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SOLAR HYDROGEN “BOMBS” 
By FERDINAND ELLERMAN 


Visual and photographic observations of a solar phenomenon 
which had previously escaped our attention have been carried on 
at this observatory during the past two years. 

On September 21, 1915, while the writer was observing the Ha 
line for reversals and distortions in an active spot-group, there 
suddenly appeared a very brilliant and very narrow band extending 
four or five angstroms on either side of the line, but not crossing it. 
In a couple of minutes it faded away and was not seen again. A 
month later, on October 21, more observations were recorded and 
a spectrogram was secured. 

On the first occasion the appearance was so extraordinary that 
it seemed hardly real; after the second observation, however, the 
existence of such phenomena as part of the solar activity seemed 
established, and a search has been made for them whenever con- 
ditions of seeing and other work have permitted. 

There are two conditions essential for observation—good seeing 
and a large solar image—as the area of the phenomenon, even with 
the 16-inch image of the sun at the 150-foot tower telescope, is so 
small that only with difficulty is the point of disturbance kept on 
the slit. 

The appearance of the phenomenon indicates something in the 
nature of an explosion, in which hydrogen seems to be the only 
element playing a part. The duration is only a few minutes—from 
one to three on the average, and from five to ten minutes rarely. 
This sudden performance suggested the name of hydrogen “bomb,” 
which we have adopted to designate it. 

In the Astrophysical Journal, 30, 78, 1909, Dr. Walter M. 
Mitchell gives an account of solar observations made at Haverford 
College Observatory, together with a drawing which illustrates the 
appearance of Ha in the spectrum of a “bomb,” and from his 
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description there seems to be no doubt of its being such. This is 
the only recorded observation of the kind that has come to our 
notice, and it must have been an unusually large one to have been 
seen with the instrument used by Dr. Mitchell. Furthermore, he 
mentions D, as showing the band, while our observations have 
failed to detect it. 

While the average width of the Ha band is about 8 A, in an 
exceptional and probably an extreme case it was as wide as 30 A. 
In general the band appears symmetrical on each side of the line, 
but in a few measured cases the extension was greater on the violet 
side than on the red. In none have we found greater extension 
on the red side. 

The regions where the ‘‘bombs” are likely to appear are around 
and among active spot-groups, especially groups which are develop- 
ing and composed of many members. In such groups they appear 
at the outer edge of the penumbra, or at points between the spots, 
and also at small distances to one side. When a ‘‘bomb” appears 
and fades away, the point of disturbance should be kept under 
observation, as it is very probable that others will appear in the 
same place. At times they seem to follow one another like the 
balls of a Roman candle at intervals varying from ten to twenty 
minutes or more. 

They frequently appear in the faculae so that their spectra are 
superposed on those of the faculae, thus giving the appearance of 
great extension to the bright “bomb” band. On rarer occasions 
they are superposed on bright reversals of Ha over eruptive regions, 
but this is an uncommon occurrence, and the distinction is easily 
made between the two phenomena by the flickering of the ‘‘bomb” 
band compared to the Ha reversal, due to the effect of seeing. 

The observations have been confined mainly to Ha, although 
Dy, D2, D3; 0:1, b2, b4; H@ and Hy have been examined. None but 
the hydrogen lines have shown the band. Hf has been photo- 
graphed and shows the band fairly well, but not as well as Ha nor 
of as great width. Hy also shows the band, but less clearly than Hf. 

The level at which the “bombs” occur must lie well below the 
reversing layer, as the hydrogen absorption line is not affected by 
them, nor do they seem to affect the other Fraunhofer lines. 
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aand b. Appearance of the Ha line in an active sun-spot region, showing the 
bands of “bombs” and the distortions of the line. 

c. Spectrum of a “‘bomb’’ (close to the dark Ha line) superposed on the spec- 
trum of a facula. 

d. Appearance of reversals in an active region. 


SOLAR HYDROGEN “BOMBS” 3 


In Plate XVIII, a and 6, are shown spectra of ‘‘bombs”’ which 
appeared in regions where the Ha line shows considerable distortion 
due to radial velocities of the hydrogen flocculi. It will be noted 
that the ‘““‘bomb”’ bands do not extend as far on each side of Ha 
as mentioned above, but this is to be expected, as it is impossible 
to guide and keep the image of the ‘‘bomb” on the slit perfectly 
during the entire exposure, and the fainter extensions which are 
easily observed visually are lostin the photograph. Plate XVIII, c, 
shows the ‘‘bomb” band superposed on the spectrum of a facula, 
and in d are shown two bright reversals of Ha near a small spot, to 
illustrate the difference in appearance between ordinary eruptive 
reversals of Ha and the bright band due to “bombs.” 


Mount. Witson SoLtarR OBSERVATORY 
October 1917 
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THE LUMINOSITIES AND PARALLAXES OF FIVE 
HUNDRED STARS 


FIRST LIST 
By WALTER S. ADAMS anp A. H. JOY 


The determination by means of a study of their spectra of the 
luminosities and parallaxes of the stars under investigation for 
radial velocity at the Mount Wilson Observatory has been con- 
tinued as a regular part of the stellar spectroscopic work. The 
methods employed are essentially those described by one of us in 
a series of papers’ published somewhat more than a year ago. So 
far as these methods have been modified or extended in the course 
of the present investigation, reference will be made accordingly. 

Although the observational material and the number of parallax 
determinations have accumulated rapidly, it has seemed preferable 
to us to delay the publication of the results until enough were avail- 
able to make possible a detailed comparison with the trigonometrical 
parallaxes. Moreover, we have found that the accuracy of the esti- 
mation of relative line-intensities depends to a considerable extent 
upon the number of photographs. A single spectrogram, owing to 
under- or over-exposure or peculiarities in the plate-grain, will 
sometimes give an inaccurate value which subsequent plates will 
correct. Accordingly we have attempted as far as possible to 
secure at least three photographs of the spectrum of each star. 

Another important consideration is the fact that measured 
parallaxes? of a high degree of accuracy are being published at fre- 
quent intervals. Since the spectroscopic determinations depend 
upon empirical curves connecting line-intensity with absolute 
magnitude, and since this absolute magnitude is calculated from the 

t Adams, Mount Wilson Communications, Nos. 23-26; Proceedings of the National 
Academy of Sciences, 2, 143, 1910. 

2 The term “measured parallaxes”’ is used in this article to designate those deter- 
mined trigonometrically. In the absence of a better term “spectroscopic parallax” 
is also employed. This should not be confused with the radial-velocity method used 


for parallax determinations in double-star systems, and employed, for example, by 
Wright in the case of a Centauri. 
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measured parallax, it is desirable from time to time to readjust the 
curves with the aid of such new material as is available. 

In the list of results for 500 stars which is given in this com- 
munication the attempt has been made to include as many stars 
as possible with measured parallaxes. Since many of the recent 
values by Mitchell and Miller are for relatively bright stars, we 
have added to our observing list the stars of the American Ephemeris 
with types between Fo and M. In addition there are included 
many stars of small proper motion observed by van Maanen. The 
measured parallaxes of a number of these have been used in the. 
establishment of the relationships between line-intensity and abso- 
lute magnitude and have proved of great value. For the most part 
they are stars of high luminosity and so are particularly useful in 
fixing the lower portions of the magnitude-curves. A number of 
the results of Mitchell have been equally valuable in this respect. 
About 80 stars in all have been used in determining the reduction 
formulae for the various types. 

There are three classes of stars in the list for which modifications 
have been made of the methods of reduction used previously. 
These are the early F-type stars and the giants and dwarfs of 
type M. It was soon found in the case of the Fo to F5 stars that 
the line \ 4455 of calcium showed but little variation with absolute 
magnitude. On the other hand, the strontium line at \ 4215 still 
remained available, and a search was made for additional lines to 
supplement it. Such lines were found in the similar strontium line 
at \ 4077, and the line at \ 4290, which probably is due, at least 
mainly, to enhanced titanium. All three of these lines increase in 
intensity with increase of luminosity. They are compared in 
intensity with three neighboring iron lines, \ 4072, \ 4250, and 
d 4271, respectively, and the reduction-curves have been formed 
in the usual way by determining these differences for stars of 
measured parallax. This method gives satisfactory results for 
stars with spectra between A8 and Fs. For stars later than F5 
the usual lines \ 4215 and A 4455 are employed. 

The giant M-type stars have proved most difficult of treatment. 
The plan finally adopted in their case has been to compare the 
spectrum of each star with that of a Orionis, which probably is the 
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most highly luminous star of this type of which we have any certain 
knowledge, and to estimate the differences in intensity of certain 
selected lines in their spectra. The lines chosen are d 4077 of 
strontium, a line of uncertain origin at \ 4207, \ 4215 of strontium, 
and the two hydrogen lines H6 and Hy. All of these lines increase 
in intensity with the luminosity of the star. They are nearly as 
strong in the spectrum of a Scorpii as in that of a Orionis, and this 
star has served as one of the fundamental points for the reduction 
curves. Its parallax as determined from group-motion has been 
furnished to us by the kindness of Professor Russell. Additional 
points for the reduction-curves are provided by the parallaxes of 
M-type stars of van Maanen and Mitchell. This method of reduc- 
tion, though not entirely satisfactory, is the best which we have 
as yet been able to devise. 

The recent determinations of the parallax of the star of large 
proper motion discovered by Barnard indicate that its absolute 
magnitude is about 13.3. The reduction-curves previously used 
for stars of this type depended upon extreme values of about 11.0, 
and were nearly asymptotic to the magnitude axis at this point. 
Accordingly it became essential to extend the curves to include 
fainter stars of this type. The calcium line at \ 4455 reaches so 
great an intensity in all dwarf M-type stars that it becomes difficult 
to make use of it for the determination of relatively small differ- 
ences. An examination, however, of the low-temperature line of 
strontium at \ 4607 showed a marked increase of intensity in the 
spectrum of Barnard’s star as compared with other stars of this 
class, and the character of the line is such as to make estimates of 
its intensity comparatively simple. We have therefore used this 
line in determining the relative absolute magnitudes of the various 
dwarf M stars. It is worthy of note that in the case of both classes 
of M-type stars the modifications introduced into the reduction 
method have been for the purpose of securing more accurate deter- 
minations of magnitude within each class. They may therefore be 
regarded as an attempt at a second approximation, with the sepa- 
ration into the two classes as the first. 

The results of our determinations are given in Table I. The 
values for spectral types and absolute magnitude are the means of 
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the results obtained by three observers, Adams, Joy, and Miss 
Burwell. The successive columns of the table contain the following 
data: (1) number of the star; (2) name of star; (3) visual magni- 
tude as given by the Harvard observers wherever possible; (4) spec- 
tral type from Harvard determinations; for the fainter stars many 
of the values are taken from the recent list of measured parallaxes 
compiled by Walkey;! (5) right ascension; (6) declination; (7) total 
proper motion; (8) number of photographs of spectrum; (9) spec- 
trum as determined from estimates of the general characteristics of 
the lines; (10) spectrum as determined from the intensities of the 
hydrogen lines; (11) absolute visual magnitude; (12) luminosity in 
terms of the sun as unity, the value 5.0 being taken as the sun’s 
absolute magnitude; (13) parallax as computed from the absolute 
magnitude by the formula 5 log r=M—m-—s; (14) measured or 
trigonometric parallax; (15) authorities for the measured parallax; 
when these exceed three a figure is given in this column to indicate the 
number of determinations. The following abbreviations are used: 


Ab. Abetti M Mitchell (McCormick) 
Bar. Barnard Mil. Miller 

Bel. Belopolsky Ram. Rambaut 

Bg. Bergstrand R Russell 

F Flint S Slocum (Yerkes) 

Gr. Greenwich Sc Schlesinger (Yerkes) 
Hus. Hussey S.and M. Slocum and Mitchell 
Jw. Jewdokimow (Yerkes) 

Jo. Jost vM van Maanen 

K Kapteyn We Yale 


LandJ Lee and Joy (Yerkes) 


It is with considerable hesitation that we have decided to give 
values of the parallax resulting from the absolute magnitudes to 
three decimal places. From the relation connecting parallax and 
magnitude it follows that 

dx _dM—dm 

T i Poe PA 
The percentage uncertainty in a calculated parallax is therefore 
proportional to the uncertainty in the magnitudes; but ihe abso- 


* Journal of British Astronomical Association, 27, pe TOL7. 
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lute error depends upon the parallax itself. For many stars, par- 
ticularly those of large parallax upon which even moderate errors 
in the magnitudes have a marked influence, the third decimal is 
probably undesirable. On’the other hand, because of uniformity 
and the universal practice in the case of measured parallaxes, it has 
seemed preferable to retain it. An additional reason is the great 
number of stars of very small parallax. Attention should be called 
to the influence of uncertainties in the apparent magnitudes upon 
the parallaxes. In the case of some of the fainter stars and the 
components of close pairs this may be very appreciable. 


NOTES ON INDIVIDUAL STARS 


No. 45. This star is Boss 637. The mean spectral type is 
given and the mean magnitude is used for the computation of the 
parallax. 

Nos. 69, 71, 72, 73. These are the brightest stars of the Hyades 
and form part of the moving cluster in Taurus. The parallax of 
this cluster as computed by Kapteyn is +07023. 

No. 125. The spectrum contains bright hydrogen lines, but 
the bands are not sufficiently strong for classification as Md. 

No. 248. An unpublished parallax kindly communicated by 
Professor Mitchell is ++-o7o050. 

No. 303. An unpublished parallax by Mitchell is +-07043. 

No. 357. The apparent magnitude is uncertain. 

No. 358. This star is used as a standard for reduction of abso- 
lute magnitudes. Hence the parallax agreement is necessary. 

No. 405. The mean spectral type is given. 

No. 456. The apparent magnitude is uncertain. 

No. 496. This star has a composite spectrum and is a spectro- 
scopic binary. The absolute magnitudes show a considerable range 
on different photographs. 


COMPARISON WITH THE MEASURED PARALLAXES 


There are in the list 360 stars with measured parallaxes. If we 
divide these stars according to spectral type and absolute magnitude 
we obtain the comparison given in Table II. The differences A are 
spectroscopic minus measured values. The mean difference, 
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accordingly, for the 360 stars is ++-070037, the spectroscopic values 
being the larger. The very large discordance in the case of the 
K3-Ko stars under M=+2.0 to 4.9 is due to No. 292 of the list 
with but a single measured parallax. ‘The average difference taken 


TABLE II 
eae +2.oto +4.9 | +5.0to +7.9 | +8.0 to +13.3 Total 
TYPE 
No. A No. A No. A No. A No. A 
Fo-F8...| 12 |+0%003] 62 |+07%004] 14 |+07o018}.....]....... 88 |+0%006 
Fo-G7...| 22 |--o.005)-. 35 |-+-0.007| 34 |--0.007].....]....... QI |+0.007 
G8-K2...| 38 |—0.004] 21 |—o.o11] 35 |+0.002 2 |—0.021| 96 |—0.004 
K3-Kg...| 16 |-+-0.011 zr |—o.108| 23 |+0.014] 17 |+0.005] 57 |+0.008 
Ma-Md..| 14 |+0.004 hia Ke(oyerey. Co) ems 3) iy ceecreaic 13 |+0.008] 28 |-+-0.004 
All....| 102 |-+o.002| 120 |+0.001] 106 |+0.008] 32 |+0.004] 360 |+0.0037 


regardless of sign between the spectroscopic and the measured 
values for all the stars is 07026. ; 

If the comparison is limited to the stars with several parallax 
measurements the systematic difference nearly disappears. Thus 


TABLE III 
Observer No. A 

Miller Res yeaa ey ere on eee 34 —o%008 
Mitchell eqiretrcge tect tele tere renee 53 +0.003 
Schlesingers Ue ise eee 15 +0.005 
Slocum, Slocum and Mitchell, and 

Lee and ejoyecectcc nc tte 36 +0.013 
vaneMaanen 22 aac oe cece 48 —0.006 
Vales: cectiineete oer ce ae 148 +o.008 


there are 59 stars in the list with parallaxes measured by three or 
more observers. The mean difference, spectroscopic minus meas- 
ured values, for these stars is +0”oor. 

A comparison with the measured parallaxes of various observers 
may also prove of interest. The results are given in Table III. 
Most of the Yerkes determinations are combined in one group. 
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COMPARISON OF SPECTRAL TYPES 


Of the 500 stars in the list, 441 have spectral determinations by 
the Harvard observers. For the faintest of these stars only the 
even spectral class is given without subdivisions, or at most with 
divisions of five units such as Gs or Ks. Accordingly the compari- 
son is not altogether a fair one. The results are as follows, the 
unit being one-tenth of a spectral division, the interval, for example, 
from Ko to Kr: 


ix Average 
Difference 
Harvard—Mount Wilson estimates .. —1.6 3.4 
Harvard—Mount Wilson measures... —0.7 3.2 


These results are influenced greatly by a small number of large dis- 
crepancies, such as classifications of A and K for the same star in 
the two sets of observations. 

A more valuable comparison is that of the brighter stars in the 
list. For these higher dispersion has been employed by the Harvard 
observers and the spectral division is given more closely. Using 
the values of the American Ephemeris we have in the case of 164 
stars: 


in Average 
Difference 
Harvard—Mount Wilson estimates. . +o.5 1.6 
Harvard—Mount Wilson measures... +1.2 2.2 


Although the number of stars used is much smaller in this case, 
the agreement is better than in the previous one. It is, of course, 
clear from the definition of the estimated and measured determina- 
tions of the Mount Wilson values that the estimates should be the 
more closely comparable with the Harvard results. 


INTENSITY OF THE HYDROGEN LINES 


The intensity of the hydrogen lines in stars of the same general 
type of spectrum must be recognized as furnishing valuable evidence 
as to the position of these stars in the system of stellar development. 
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The fact that the hydrogen lines are remarkably intense in the giant 
M stars and weak in the dwarf M stars was found some years ago 
in the course of classification work at this Observatory,’ and a tend- 
ency in the same direction was recognized for some stars of the 
K type. Accordingly, in all recent classification work we have made 
two determinations of type. The first is based upon the general 
characteristics of the spectrum, such as the high-temperature and 
low-temperature lines, the intensity of the blue calcium line at 
d 4227, the prominence of the bands, and many other features. 
For this purpose photographs of the spectra of stars typical of each 
type have been selected, and the spectrum to be classified is com- 
pared with these in turn. The second method of classification is 
based directly upon the intensities of the hydrogen lines and has 
been described fully elsewhere.? If therefore we compare the spec- 
tral:types as derived by these two methods we obtain a measure of 
the intensities of the hydrogen lines. When the two determinations 
of type agree, the hydrogen lines are normal; when the measured 
value gives an earlier type, the hydrogen lines are exceptionally 
strong. 

The comparison of the estimated spectral types of the stars in 
Table I with those derived from the hydrogen lines gives results of 
considerable interest. If we employ as the unit the same spectral 
subdivision as before, that is, the interval from Ko to Kz, for 
example, and divide the stars into groups arranged according to 
spectral type and absolute magnitude we obtain Table IV. Under 
““Abs. Visual Mag.” is given the arithmetical mean of the absolute 
magnitudes, and under ‘“‘Est.—Meas.” the difference in spectral 
type in the units referred to. Thus a value of +3.7 in this column 
means that the type from the hydrogen lines is 3.7 units earlier 
than the estimated value. If, for example, the estimated value were 
K8 the measured value would be K4.3. 

It is probable that a difference of at least one unit in the 
two values for spectral type is due to accidental error or to a 
systematic deviation in the classification curves. ‘The stars of low 


* Mt. Wilson Contr., No. 89; Astrophysical Journal, 40, 385, 1914. 


? Mount Wilson Communications, Nos. 23-26; Proceedings of the National Academy 
of Sciences, 2, 143, 1916. 
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luminosity therefore show but little difference between the esti- 
mated and the measured values throughout all the spectral types, 
and the same is true for the high-luminosity stars of the earlier 
types. The hydrogen lines; accordingly, are normal for all of these 
stars. In the case of the high-luminosity stars, however, the inten- 
sity of the hydrogen lines is quite abnormal for the later K and more 
especially the M stars. There seems to be little doubt that this 
behavior is related to the well-recognized giant and dwarf division 


TABLE IV 
M23.9 M5S4.0 
N ; No. . 

Abs visual | Est.—Meas. Ate eua!|  Est.—Meas. 

BO-HA ce a s< 6 28 2.8 — 0.7 Io Asai —0.9 
ES —PROt sc tec 33 23 — 0.8 66 4.7 —0.6 
Go-Gale cea. . I4 1.6 + 0.4 37 Ser +0.7 
Gs=GO. «oes 63 °.8 + 1.2 38 Se +1.7 
KOK ae a. 58 T2 + 1.6 45 6.2 +1.2 
Kj—KO ser oe ees 20 Ee3 + 3-7 4I 7.9 +1.0 
oo pee 30 Bee +12.5 9 10.8 +0.4 


of these stars, and that great intensity of the hydrogen lines is to 
be associated with high luminosity. They have accordingly been 
used as criteria for absolute magnitude in the case of the giant 
M stars. 

THE GIANT AND DWARF DIVISIONS 


The direct evidence bearing on the division into two classes 
afforded by the stars in this list may be most clearly indicated by 
a tabulation of the numbers of stars of the various absolute magni- 
tudes. For this purpose narrow limits of magnitude should be 
selected. In Table V the results are given for an interval of 0.5 
magnitude. 

A graphical representation of these results is shown in Fig. tr. 
The clearly marked separation in the case of the M- and later 
K-type stars is seen persisting in the form of two strong maxima 
as far as those of the G type. The crests of these maxima draw 
more closely together in the successive types. There seem to be 
the rudiments of the first maximum among even the F stars, though 
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this is perhaps uncertain. The extraordinary grouping of the F 
stars around the magnitudes 3.0 to 5.5 is their most characteristic 


TABLE V 

Absolute Magnitudes Ma-Md Ko-K4 K3-Ko Go-Go Fo-Fo 
= 320 t0—= 20 one nc peony Pinca G Atal BA + oa gowan Gress 
Pa Ts MN A SAGA Godot oGollaanagonccallanchaodgen|lonao chins * 
Bee A OA RN eS ory ae keel Ine s SnalInooa ns In 5 allo > an tos o|looacoocse< 
Sees ot We oh ee IPR AMANO ldisnbiDoUoal ance sot colledeouedon o|lvicdomadiooo 
= 20" *— 0:05, see TE ON taps eccte | Aspect rere 4 I 
= O.8 TOT nee cee To. Wilteeseeniee 2 5) I 

OL02 OA aries nee Megat) BCR Ot 6 17 3 
O38) FOL Ons «0s 6 6 13 19 4 
ae ie) | ar til o peo iB 7 18 II 6 
“ete. ee aE Os cueuks 8 9 Io 5 3 
e201) Malai Ack. cine A siete 4 4 I 
A258 BO choke ote I I I 3 7 
SiO IAB. Ale oles egeketatorloreiera ie eueaporerenaene 3 5 13 
cr mS Tan pa TAS ie eee GAA al ne eae I 2 23 
ERA? CE AeA hak e's oll Grebe enteral taereneais 4 I4 28 
ee Si) pei. © sttevaye vera si| sperexcucteno catertal atebenstenssere ct I ne 26 
Ee EO Vaal Bid ave ctiors all ctegebenare otaustell aiel aie reheat I 15 15 
eB aS) yates Sis O steers feronere le catecseaporoetere I 6 15 6 
mE ORO ra) pte Ove Aig lavenens' ssl Gyoroteherornverce 3 16 Io I 
P0550. int 0. Oidetouhate alinare ee ee 6 8 Bho Nacle ome 
eT AAC Pia any ee. cl] (aoeneae 6 7 Demme PR OF 
SG =F Ole sx sisal] cnacinereree 4 2 Eo ones eenca rarer 
33208 Sele Sica ere oan teenceeeerne eee occas: Bas be oterere 
NOES) Nate SOU Ri. as lewheerders Seo See ears y eral eet ten fics 8 
O50) et HOnAl once coloatreorers Real ie etree AB oa Mrsicot on) ot 
jaTQa5 > tate Oi. Oierast cers 2 DS “ceo srotersion) | erece rete ceue rete eevee epateneee 
+3050 “=-1Os4 aS. os 5s 3 Da, Whesressragetere oital|to rs tereteneretclienel lie’ ssps's\heeevers 
+I0.5 -F10.9... 00. Gr Hieveisvsterwlianere «ll intstaversterrecajtenell etesevevareleotets| [io sbacsiet sretetots 
<p T TAO ete DLAs cheese EE RSI AN (Crees Secs re SOI cpio ao ©. 
oe Oe es oe © aes een ee NORA yn ENA Mina, Sr Sas res alma 5h oda Gulmoeaee aT. 
Bt: i tae ery i eas Se (Niet rs ena iain en <5 alle inca ac oe mal econo nia 
Ge ee Parl Men eo iSminmsn ein Seine eno cou lool weceuUlmnoe occHoe 
FELON Geet soelout L', | Wiscees cvs onesies | Otemsemeaseocetee | seetemekrererercre|| clrs tetera 


feature. The absolute magnitudes of the maxima of frequency for 
the various types may be summarized as follows: 


Giant....| + 1.6 +1.4 +1.3 +0.6 (+1.1) 
Dwarf....} +10.8 +7.8 +6.3 +5.3 +4.1 


The question whether the selection of the stars observed may 
be accountable for the absence of stars of magnitude intermediate 
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between those of the two groups in the case of the M and K 
types should perhaps be discussed briefly. For the M stars it does 


Fic. 1.—Frequency-curves of absolute magnitudes for different spectral types 


not seem possible that this can be the case. Our observations have 
included all of the known faint stars of this type with large proper 
motions; about 15 stars with small proper motions and apparent 
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magnitudes between 7.5 and 8.5; and over one-third of the stars 
of this type listed in the catalogue of Boss with various proper 
motions. Throughout this list of about 110 stars the spectral 
differences between the two classes persist clearly, and there is no 
evidence whatsoever of an intermediate type of spectrum. The 
interval of over six magnitudes remains without representation. 

The same argument applies, but in less degree, to the K-type 
stars. Among the great number of K stars given in Table I there 
is a wide variety in proper motion and apparent magnitude. It is 
difficult to see why this list, which contains representatives of both 
the giant and the dwarf classes, should not contain a full share of 
stars of intermediate absolute magnitudes, if such exist. 

In the case of the G-type stars it is possible that the basis of 
selection of the material has affected the results somewhat. The 
fact that stars of very large proper motion and of very small proper 
motion have formed a considerable portion of the observing list 
would tend to give an excess of very bright and very faint stars. 
This may account in part, but probably not wholly, for the two 
maxima of the G-type stars shown in Fig. 1. The stars of the 
American Ephemeris, which have not been selected on the basis of 
proper motion, should tend to smooth out these maxima. 


THE BEHAVIOR IN LABORATORY SOURCES OF THE LINES USED FOR 
ABSOLUTE MAGNITUDE 


Three of the most important lines used in the determinations of 
magnitude are the strontium lines \ 4077, 4 4215, and \4607. The 
first two of these are well-known enhanced lines, being very strong 
in the spectrum of the electric spark, and, as Mr. King has shown, 
weak in low-temperature sources such as the electric furnace. The 
line \ 4607 is of the opposite type and is very strong in the furnace 
spectrum. A reproduction of photographs of these lines made by 
Mr. King is given in Plate XIX. The two lines \ 4077 and \ 4215 
are identical in behavior in laboratory sources, and it is of interest 
to note that both are very prominent lines in the spectrum of the 
solar chromosphere. 

The calcium line at 4455 is a well-known low-temperature line 
analogous in behavior to \ 4607 of strontium. The line at \ 4290 
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is a strongly enhanced titanium line and appears at an early stage 
in stellar spectra of type A. 

Summarizing these results for all of the lines used we have the 
comparison given in Table VI. 

It is probable that the line at \ 4207, like so many of the 
unidentified lines of Rowland’s table, is enhanced. ‘The hydrogen 
lines Hy and H6 cannot well be classified according to laboratory 
behavior, although they certainly are not low-temperature lines. 
The intensity of the hydrogen lines in stellar spectra of types A 
and B points rather to the opposite conclusion. 


TABLE VI 
| 
Line El. Ne High Lamia. Lor peas: Spark Furnace 

i YoY (7 Leger siete Sr A8-F5 Strong Weak Strong Weak 
ARERR, ce Sr A8-M Strong Weak Strong Weak 
B20 Mes Sok Ti A8-F5 Strong Weak Strong Weak 
ACR eae Moet Ca F6-M Weak Strong Weak Strong 
BOO Tes fe nies Sr M Weak Strong Weak Strong 
OO Te etna ss | x, eke sis M Strong Weak Unknown | Unknown 
LO OER che ote a H M Strong IW Cakes Sle tackeeey. coal anteater 


The conclusion is obvious that the enhanced lines are relatively 
strong in the high-luminosity stars and the low-temperature lines 
strong in the fainter stars. That this is purely a temperature 
effect, however, is doubtful. The investigations of King with the 
electric furnace have shown the importance of the influence of 
vapor-density upon line-intensities, and we should expect wide 
variations in this respect in the atmospheres of different stars. The 
observed behavior may well be due to a combination of effects of 
both temperature and vapor-density in stellar atmospheres. The 
main consideration, however, is the direct evidence that the use of 
the absolute-magnitude lines has a definite physical basis and that 
the lines employed as criteria are as clearly distinguished by their 
behavior in laboratory sources as in stellar spectra. 


GENERAL CRITERIA FOR ABSOLUTE MAGNITUDE 


A study of the characteristics of the spectra of stars of very high 
and very low luminosity makes it clear that the variation of the 
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lines used as magnitude criteria forms but a portion of a much more 
general difference. This is most marked in the case of the M-type 
stars, but it is evident in other types as well. For stars of the same 
spectral type, the enhanced lines and the hydrogen lines are rela- 
tively strong in those of high luminosity and weak in those of low 
luminosity, while the low-temperature lines are relatively weak in 
the brighter stars and strong in the fainter stars. To illustrate we 
may take the case of two stars representing the giant and dwarf 
classes of M stars: 


a. Orionis Lal. 21185 
Hy drogentlinesteemarnn eae Very strong (G2) | Weak 
Enhanced linesis7.5 seer eee Strong Weak 
IND ep KON (OF Bsn vec Ooh t Weak Very strong 
Low-temperature lines of Ca, 
Sry Bewhiy etGaecnesceene Weak Very strong 


A very similar result, though somewhat less in degree, is found 
from a comparison of K-type stars of high and low luminosity. 
There is little question that \ 4227 of calcium is strongly dependent 
upon absolute magnitude, being very intense in the low-luminosity 
stars. We have as yet been unable to employ it satisfactorily, 
however, because of its great intensity and its rapid change with 
spectral type. 

SUMMARY 


1. The absolute magnitudes, luminosities, spectral types, and 
parallaxes of 500 stars have been determined from investigations 
of their spectra. 

2. A comparison with the directly measured parallaxes of 360 
of these stars shows the spectroscopic values to be about ++-0”004 
largerin themean. The average difference is 07026, if all parallaxes 
are included. A comparison with the 59 parallax values deter- 
mined by three or more observers gives a difference of +o”oo1 in 
the mean. | 

3. A method of determining the absolute magnitudes of stars of 
types A8 to F5 has been derived, and improvements have been 
made in the methods used for the two classes of M-type stars. 
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4. A comparison of the determinations of spectral type with 
those made by the Harvard observers gives a difference of —1.6 
spectral divisions in the mean, the Mount Wilson estimates being 
the later. A comparison for 164 stars listed in the American 
Ephemeris gives a difference of -++-o.5 division. 

5. Abnormal intensity of the hydrogen lines is a characteristic 
of the highly luminous stars of the later types. This is almost 
certainly related to the giant and dwarf division among these stars. 

6. A comparison of the number of stars of each absolute mag- 
nitude shows very clearly the giant and dwarf divisions for the 
M, K, and probably G types of spectrum, with a slight indication 
even in the case of the F stars. It is almost certain, in the case of 
the first two of these types at least, that these results cannot be 
ascribed to the selection of the stars. 

7. The lines used for determinations of absolute magnitude are 
lines which in laboratory sources show marked variations with 
vapor-density and temperature. The lines which are strong in the 
highly luminous stars are strong in the electric spark; those strong 
in the fainter stars are strong in the electric furnace. The corre- 
spondence is complete. 

8. The high-luminosity stars are characterized by spectra in 
which both the hydrogen lines and the enhanced lines are abnor- 
mally strong. In the spectra of the fainter stars all of the low- 
temperature lines are strong, including the blue line \ 4227 of 
calcium. The lines used for determinations of magnitude form but 
a part of this more general spectral distinction. 


Mount WItson SOLAR OBSERVATORY 
September 1917 
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BAXANDALL’S EXPLANATION OF AN “ABNORMAL” 
SOLAR SPECTRUM 


By GEORGE E. HALE 


The following letter from Mr. Baxandall gives a simple and ade- 
quate explanation of two ‘‘abnormal’’ photographs of the solar 
spectrum in the neighborhood of a sun-spot, taken at the Kenwood 
Observatory in 1894, and described in this Journal in 1902.1 The 
photographs in question were among several made in parallel 
strips on a single photographic plate, for the purpose of ascertain- 
ing the exposure times required for spectra of different orders. 
The slit of the spectrograph happened to lie across a sun-spot in 
the 2-inch solar image given by the Kenwood refractor, and most 
of the photographs on the plate show the usual bright reversals 
of H and K over the spot region. In two of them, however, these 
reversals were absent, and the spectra were so changed in appear- 
ance as to be unrecognizable. The idea that their peculiarities 
might be due to the chance superposition of two spectra of differ- 
ent orders was entertained at the time, but the absence of the 
bright H and K reversals where they should have appeared, to- 
gether with other causes, unfortunately led us to dismiss this 
explanation. Finally, after much hesitation because of the im- 
probable character of the spectrum, and after copies of the photo- 
graphs had been sent to a number of spectroscopists in the hope 
that an explanation could be found, I published the photographs, 
together with measures of the lines and estimate of their intensities 
by Mr. Adams. These showed that most of the lines of the “ab- 
normal’ spectra were solar lines in Rowland’s table, greatly changed 
in relative intensity. One of the “abnormal” spectra was inter- 
mediate in character between the solar spectrum and the other 
‘abnormal’? spectrum, and both showed two unknown bright lines, 
which, with other features mentioned by Mr. Baxandall, should 


t “Solar Research at the Yerkes Observatory,” Astrophysical Journal, 16, 220, 
1902. 
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have furnished us the clue so effectively recognized and applied by 
him. The fact that the apparent wave-lengths of these bright lines 
changed appreciably between the two exposures helped to mislead 
me, but I shall not attempt to offer any excuse for being so easily 


deceived. 
Mr. Baxandall’s letter is as follows: 
SoLAR Puysics OBSERVATORY 


Dear Proressor HALE: Cambridge, June 4, 1916 


It is only after considerable hesitation that I have decided to send you the 
present communication. It relates to your paper of 1902, containing an 
account of an apparently anomalous solar spectrum which has been con- 
sidered to be due to a fleeting upheaval in the solar atmosphere. Doubtless, 
in common with many others engaged in spectroscopic investigations, I have 
always felt somewhat sceptical as to the reality of the phenomenon to which 
the abnormality of the spectrum was supposed to be due, although I have never 
been able to explain the strange spectra from any other point of view. My 
unbelief was based mainly on the following heads: 

1. The isolated nature of the type of abnormality shown. 

2. The restricted part of the spectrum in which it revealed itself. 

3. The fact that there was no kind of lead given by the type of line or 
chemical elements involved. 

I have on many occasions referred to your plates in the hope of getting 
some light on the real origin of the peculiar spectra, but with no success, until 
on Friday last, while examining the spectra again, I became conscious of the 
fact that the grouping of many of the most outstandingly strong lines in the 
abnormal spectrum had a familiar aspect, and the aspect was that of some of 
the chief landmarks in the solar spectrum itself. Thus the three strong lines 
3921.87, 3927.77, and 3930.45 of the abnormal spectrum and the weaker 
bunch of lines 3916.84-3918.50 to the left, struck me as being uncommonly 
like the Fe triplet 4045, 4063, 4072, and the manganese bunch 4030-4036 of the 
normal solar spectrum. Then it dawned on me that probably by some chance 
circumstance, a small-dispersion solar spectrum had been superposed on your 
third-order spectra. Measuring on your reproduction the range of the three 
strong lines mentioned, I found it was exactly one-third the space occupied 
by the three Fe lines 4046-4072 on your third-order spectra. This suggests 
that the superposed spectrum was one of the first order of the grating used in 
your research. Employing this measured interval between your abnormal 
lines 3921.87, 3930.45 as a unit, and working backward on your spectra, I 
found that the two strange narrow bright lines 3884.64, 3896.21 agree in 
position with the H and K lines of the superposed spectrum. As these bright 
lines apparently extend equal distances on each side of the spot band, they are 
probably reversals of H and K in the added spectrum. 
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Working in the same way to the right, and taking the most outstanding 
line A 3981 of your list, this revealed itself as the 4226.9 (Ca) line of the super- 
posed spectrum. As the same proportion of one to three held in every case 
where intervals between solar landmarks were considered, it seems to me that 
the evidence is very conclusive that the strengthened lines in the abnormal 
spectrum are really due to the strong and outstanding lines of the small-scale 
superposed spectrum. The fact that it is only over a restricted region of your 
large-scale spectra where the abnormalities occur is also in favor of the conten- 
tion that a small-scale superposed spectrum is involved. 

As the intermediate spectrum shows a far closer resemblance to the normal 
solar spectrum, I have not thought it worth while to investigate in a similar 
manner to the above the irregularities in that spectrum, especially as, if it is 
satisfactorily established that any superposition of spectra has taken place, 
the whole argument for an upheaval in the solar photosphere must of necessity 
fall to the ground. 

I feel sure that if a solar spectrum is prepared of such a scale that the lines 
4071.9 Fe, 4226.9 Ca, on it are the same interval apart as the abnormal lines 
3930.45, 3981.98 of your reproduction, and the strips so adjusted that these 
two pairs fit, the counterparts of the outstanding groups and lines of the normal 
spectrum will be apparent in your reproduced abnormal spectra along the 
whole range of the superposed spectrum. A few of the normal groups and lines 
will doubtless be modified in intensity where an outstandingly strong line of 
your “‘real”’ third-order spectrum blends with a line or group in the superposed 
spectrum. 

I append a short list of lines which I consider, from rough measurements on 
the reproductions, to be identical: that is, the apparently abnormal lines of the 
reproduction, which I think are the real lines of the superimposed spectrum. 

After I had come to the conclusion expressed above, I noticed that you 
mention in your paper having a suspicion at the time of the investigation that 
superposed spectra might be the cause of the apparent anomaly, but that 
after consideration you had come to the conclusion that that view was unten- 
able. There is now little or no doubt in my mind that this is the real explana- 
tion. At the same time, I concede that, if you still have the original piates, 
you have the best opportunity of testing the points I raise. 

I may mention just one other point. If the two bright narrow lines are 
not H and K reversals of the added spectrum, what are the chances against 
your measured wave-length interval between the two (when assumed to be real 
lines in the third-order spectra) being exactly one-third of the rea] wave-length 
interval between H and K? Thus your mean interval between the lines is 
11.635 wp. One-third the interval between H and K is 11.600pp. The 
difference between these two is probably within the errors of measurement. 

Yours very truly, 


F. E. BAXANDALL 
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All the lines in the first column are well-strengthened lines in the abnormal 
spectrum, and all those in the second column are conspicuous lines in the 


Strengthened Lines in Corresponding Lines in 
“Abnormal Spectrum” Superposed Spectrum 
3884.67 (bright). nn0.)- ener 3933.83 K (Ca) reversal 
3800 28.) ON We een eee 3968.63 H (Ca) “ 
ZOOS TAT 05 sees te ere 4005.41 Fe 
BQOS: QO ws tare eed eae earns 4007. Narrow solar group 
3916.84 4030.9 

Rete erature te Reece See as: to Mn group 
3918.50 4035.9 
OIL OT utd as ake ete en 4045.98 Fe) 
BO27E7 7. -sewh cok sb aC 4063.76 F Oris triplet 
2030uA 50 eee eee 4071.91 Fe 

4198.40 
BOT 2: OL Acbre Bee ete to Narrow solar group 
4199.27 

Cleve Wary onan oma at Oey a ceola S 4202.20 Fe 
BOOT EO Sc shane ete es eee eee 4226.90 Ca 

Bo lot Wace en ateee {4250.29 Fe 
a tae \4250.95 

f4260.15 Fe 

BOOS OScres sis Ste Seroreeeran eres lace) 

6.85 3) tL, eee ae [4271.33 Fe 
aed \4271.93 
4005.41 4299. 

to wide hazy group...... to Fraunhofer’s “‘g” group 
4011.03 ASS: 
AO LS NO'S Sia oil one pOn ea eer eRe 4324. Narrow solar group 
AOLA 7 Onn cnrerniie te Peers 4325.94 Fe 
VORP Acl ede eve OCIS Eine Ohh Sto 4383.72 Fe 
AOA O BOREAS aN eae ee 4404.93 Fe ¢ Well-known triplet 
AOLAG LO enw te takyaicts craters 4415.29 Fe 


normal solar spectrum. If any two of the former be taken it will be found that 
the interval between them is approximately one-third the interval between the 
corresponding two of the latter. The chance against this being a fortuitous 
result seems to me to be ‘‘beyond arithmetic.” 


As a further check we may compute the approximate wave- 
lengths of the solar lines corresponding to lines of the “abnormal”? 
spectrum, on the assumption that a first-order spectrum is super- 
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posed on the third order, \ 3921.87 of the third order being coin- 
cident with X 4045.08 of the first order. 


Abnormal Se aie First O-C 
Soca Siprighty ese, 3033-3 (K) +0.5 
BSOO cts oe nen 3968.3 (A) +0.3 
BOD Oren cci cme 4063.8 0.0 
BOSOnA Wein ita cme oat 4071.0 0.0 
201012 cares 4101.6 +0.3 
BQROCG me Rin ecttn 4132.3 —o.1 
ROSA A ee Sraeiee ters 4144.0 0.0 
Ree PROS oi Ae Ae 4227.2 —0.3 
BORA ae eee steer 4325.9 0.0 
AOS Slee cn eer 4383.5 +o0.2 
BOAO Sao ene 4404.6 +0.3 
BORA SO ete tec cee 4414.8 +0.5 


Evidently no further evidence is needed to establish the truth 
of Mr. Baxandall’s conclusions.* 


Mount Witson SOLAR OBSERVATORY 
October 8, 1917 


t Absence from the Observatory and the pressure of other duties have unduly 
delayed the re-examination of the original photographs and the publication of this 
note, which has experienced the fate of several other astronomical manuscripts, 
essentially completed many months ago, but still unpublished. 
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A DETERMINATION OF THE SOLAR MOTION AND THE 
STREAM-MOTION FROM RADIAL VELOCITIES AND 
ABSOLUTE MAGNITUDES OF STARS OF LATE SPEC- 
TRAL TYPES 

By GUSTAF STROMBERG’ 


In a recent memoir? by Adams and myself the results of an 
investigation concerning the relationship of average radial velocity 
to absolute magnitude have been published and we have shown that 
the intrinsically faint stars have a higher velocity than those that 
are intrinsically brighter. The stars were grouped in different shells 
according to distance from the sun, and no decided variation of 
velocity with distance could be found. Continuing this investiga- 
tion, I have confirmed these results, and have further studied the 
solar motion and stream-motion as functions of absolute magnitude. 
This study, as well as the preceding, is based wholly on stars of the 
spectral types F, G, K, and M. For about 700 of these stars 
Adams has determined spectroscopically the absolute magnitudes 
and parallaxes. 

When I commenced this work a number of the spectroscopic 
parallaxes were not definitely determined, and for this reason the 
absolute motions of the stars in space have not been computed, the 
radial velocities alone having been used. Hence the absolute mag- 
nitude has been employed only for the grouping of the stars. In 
order to increase the material, use has been made of about 600 
determinations of radial velocity from the Lick and Mills Observa- 
tories. For these stars mean parallaxes have been computed from 
their proper motions and apparent magnitudes. 


MEAN PARALLAXES 
As mentioned in the paper cited, the recent determinations of 
stellar parallaxes by van Maanen, and of absolute magnitudes by 
Adams, indicate that stars of very small proper motion have paral- 
laxes considerably larger than would be expected from their proper 
I Mt. Wilson Contr., No. 131; Astrophysical Journal, 45, 5, 1917. 
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motions, were the mean parallactic formula of Kapteyn employed. 
This is perhaps due to the fact that a list of apparently bright stars 
of late types, chosen on account of small proper motion, involves 
the selection, not only of distant stars of high intrinsic luminosity, 
but also of nearer stars whose velocity at right angles to the line of 
sight is nearly equal in direction and magnitude to the component 
of the sun’s velocity in the same plane. Such a selection of stars 
of very small proper motion had actually been made in forming the 
list of stars to be observed for absolute luminosity and radial 
velocity at the Mount Wilson Observatory. 

Kapteyn’s formula for computing mean parallaxes from proper 
motion and apparent magnitude is* 


a=Apre, (1) 


where u is the proper motion and m the apparent magnitude, A, ), 
and e being constants determined from measured parallaxes and 
from the parallactic motions of the stars. To render the material 
homogeneous, new constants were determined from 700 spectro- 
scopically determined parallaxes. It was then found that the 
equation (1) gave a quite unsatisfactory representation of the 
smaller parallax. It is to be observed that hitherto the constants 
for the stars of later type have been based mainly on stars of large 
parallax, the formula for stars of small parallax being merely an 
extrapolation. Kapteyn’s formula, however, is given a theoretical 
basis by Schwarzschild? on the assumption of a constant luminosity- 
curve and velocity-curve for all stars at all distances. Now if the 
velocity is a function of absolute magnitude, the velocity-curves 
and luminosity-curves are dependent on one another; and since 
among the distant stars we observe only those of high luminosity, 
both curves are dependent on the distance. There is further a 
strong tendency, especially among the K and M stars, to a separa- 
tion of the absolute magnitudes into two groups, one of very high 
luminosity, the “giants,” and one of very low luminosity, the 
“dwarfs.” 


*Groningen Publications, No. 8. Constants redetermined by van Rhijn, Mt. 
Wilson Contr., No. 110; Astrophysical Journal, 43, 36, 1916. 


2 Astronomische Nachrichten, 190, 361, 1912. 
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We should also note that the small parallaxes determined spec- 
troscopically can be measured with the same percentage of error 
as the large parallaxes, provided there are no large systematic 
errors. In using spectroscopic parallaxes we have the great advan- 
tage of securing logarithmic error-distribution within the different 
groups, as well as in their combination, while in the case of the 
directly measured parallaxes we have a normal distribution of error 
in the parallaxes themselves, assuming that we are dealing with a 
group of stars at the same distance. In Fig. 1 are plotted the 
values of log 7 as a function of log yp for the spectral types F and G, 
K and M. The stars are treated separately according as they are 
near or distant from the sun’s apices, and all have been reduced to 
the apparent magnitude 6.0 on the Harvard system. The points 
are the means of the logarithms of the parallaxes for different 
groups of stars of different proper motions. From the figure we 
see that the straight line 


log r=log A+6 log u 


gives a poor representation of the parallaxes of stars of small proper 
motion. Introducing the constants given by van Rhijn, which 
differ but slightly from those of Kapteyn, we have 


log r= —1.078+0.695 log u—0 .0482 (m—6). (2) 


The equation 
log r=log A+6 log (u+c) (3) 


gives a decidedly better representation of the observations. The 
constant b, which gives the direction of the asymptote for large 
proper motion, is very difficult of determination, the stars of large 
motion being too few in number for the purpose. Without affect- 
ing the accuracy appreciably, however, we may put )=1, an error 
in b affecting only the parallaxes of stars of very large proper 


motion. 
Table I gives the values of the constants in the equation 


log r=log A’+log (u+c)+(m—6) loge (4) 
together with their mean errors. The mean error of log 7 is denoted 
by r, and the angular distance from the sun’s apex by d. 
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From the comparison with the observations in Fig. 1 we see 
that there is a break in the continuity for the stars of types K and 
M between parallaxes 073 and 0708 (log r=—1.6 and —1.1), 
corresponding to the division of the stars into giants and dwarfs. 


log 7 Stars near sun’s apices. 


-05 


Stars distant from sun’s apices. 


Fic. 1.—Relation between log 7 and log mu. The points represent means of 
log 7, spectroscopically determined, for groups of stars, all parallaxes having been 


reduced to the sixth magnitude. The continuous curves represent 


log r=log A + log (u + 0c); 
the broken lines represent 
log r=log A + b log uw. 
TABLE I 


CONSTANTS FOR MEAN PARALLAX FORMULA 


ad log A’ c log € r No. 
F and G Stars 
Ons ° 
, 60 120, 5|—1.2080.049 | +0%157+0%027 | —0.110+0.015 |+0.073| 244 
0-60", 120°-180"|—1.0810.065 | +0. 109+0.024 —0.087+0.040 |+0.093| 202 
K and M Stars 
be 60°-1 20° —1.253+#0.101 |-+0!%200+0%049 | —0.101+0.020 [0.15 | 117 
0-60", 120°-180°|] —0.965 +0.086 | +0.084+0.033 | —o.115+0.018 +=0.15 | 135 
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Since there are scarcely any intermediate stars, I have not thought 
it necessary to compute separate constants for the stars of these 
two classes. 

The difference in size of the points in Fig. 1 represents the differ- 
ence in weights, which is based directly upon the number of stars 
in the different groups. 

The values of log € are probably not representative of all stars, 
since the faint stars are selected mainly on account of large proper 
motion and thus have parallaxes that are too large. 

For values of u smaller than about 0703, the parallax is almost’ 
independent of proper motion, and we find 

log r=log A’+log c+(m—6) loge. (5) 
or 
log r= —1.400—0.102 m 


SYSTEMATIC ERRORS OF THE PARALLAXES 

In a paper by Kapteyn and Adams’ it was suggested that in 
case the frequency function of the velocities were different from that 
given by Maxwell’s law, its character would affect seriously the 
interpretation of the relationship found between proper motion and 
radial velocity. In order to eliminate this effect, Adams and I have 
used a formula for mean parallax which is independent of the nature 
of the frequency function of the velocity components, and based 
only on the assumption that for a group of stars scattered over 
the whole sky this function is the same in all directions. A brief 
account of the derivation of the formula and of the final equations 
used was included in our paper. A more detailed and complete 
statement is given here. 

The star’s velocity in space corrected for the sun’s motion is 
projected on three axes, one coinciding with the radial velocity; of 
the other two, at right angles to the line of sight, one is directed 
toward the sun’s apex and the other is at right angles thereto. The 
three components of the star’s velocity in space, corrected for the 


sun’s motion, are therefore 


? k 
V’=V-+Y, cos d; Vt V, sin d; V.=— ; (6) 


i Mount Wilson Communications, No. 1; Proceedings of the National Academy of 
Sciences, 1, 14, 1915. 
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in which V is the star’s radial velocity, V. the sun’s velocity, d the 
angle between the star and the sun’s apex, v and 7 the components 
of the proper motion in the directions mentioned, and & a constant 
equal to 4.738 km/sec. Assuming the frequency function F to 
be the same in these three directions, we have 


F(V’)=F(V,) =F(V2). 


In a group of stars the logarithms of the parallaxes are dis- 
tributed more nearly in accordance with a normal frequency-curve 
than are the parallaxes themselves. In forming the mean parallax 
we therefore deal with the logarithms and use the geometrical 
instead of the arithmetical mean, and write accordingly, 


Geometrical Mean Parallax = = }/ TT (x) , 
whence 


log T=" log r=log 7, 


in which 7 is the number of individual parallaxes. A further advan- 
tage of this method of procedure is that the ratios in equation (6) 
are thus transformed into differences from which we can form 
directly log w or log 7, whatever the range in the parallax. 

We have, therefore, 


F, (log V’) =F, (log V-) or log V’=log V, 


where V’ is to be taken regardless of sign. We then find 


log r=log k+log 7—log V’ 
or 


Tay (7) 


a bar above the symbol denoting the arithmetical mean, a bar below 
the symbol the geometrical mean. 
For the vy component we have 


FV)=FY,) =r(24 V, sin ‘). 
Hence, 


F,(V’—V, sin d)=F, (=) 
T 
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and 
F,[log (V’—V, sin d))=F (tog *) 
T 
or, finally, . 
log r=log k+log v—log (V’— JV, sin d) (8) 
or 
kp 


a— 


V—V, sind’ 
Since F(V’) can be assumed to be equal to F(— V’) we also find 


F(-V)=8(2+ V. sin a) 


or 
F, [log (—V’—YV, sin d)]=F flog (V’+V, sin ))=F, (log). 
Hence, 
log r=log k+log »y—log (V/V, sin d) (8a) 
or 
ky 
"VV, sin a’ 


Taking the mean of (8) and (8a) we find 


log =log k+log v—4[log (V’+V, sin d)+log (V’—V, sin d)]. (9) 


For a large group of stars scattered over the whole sky there can 
be only a small effect of preferential motion, and the assumption 
of the equality of the frequency function in the three components 
probably is nearly fulfilled. Furthermore, among the stars of later 
type the K-term, which can be interpreted either as a systematic 
error in the determination of radial velocity or as a general dilata- 
tion or contraction of the stellar system, appears to be very small. 
In the paper by Adams and myself already cited, we found for paral- 
laxes larger than o”017 a good agreement between the values com- 
puted from the formulae (7) and (8) and the parallaxes actually 
employed, the latter being in part spectroscopic determinations and 
in part computed from formula (5). For smaller parallaxes, how- 
ever, equations (7) and (8) gave smaller values than those actually 
employed. 
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Formulae (7) and (9) have now been applied to a large number 
of parallaxes determined spectroscopically by Adams in order to 
find the systematic errors in his values. Stars of proper motion 
smaller than 0%020 annually have been excluded. Table II con- 


TABLE II 
SYSTEMATIC ERROR OF SPECTROSCOPIC PARALLAXES 
| 
we ed ae O-C 
M |No.| m My Ta ar By 18 (Rr Fy yh Ve M: —M: 
A8&—F7 Stars 
km 
<3.9| 32 | 4.81 |+2.54 | 07035 | 0%034 | o%043 | 07038 |10.3/+2.71 | —0.17 
24.0! 33 | 5.89 |+4.78 | 0.060 | 0.041 | 0.057 | 0.049 |17.8)+4.34 | +0.44 
F8—G7 Stars 
3.9] 81 | 5.07 |--1.40 | 0.019 || 0.024 | 0.020 | 0.022 |\T1.0||--1.70 | —0730 
24.0|104 | 6.61 |+5.34 | 0.056 | 0.049 | 0.079 | 0.064 | 23.9 |+5.64 | —0.30 
G8 — K4 Stars 
S1.9| 89 | 5.04 |+1.00 | 0.0156] 0.0161) 0.0176) 0.0168 | 10.3 |+1.16 | —o.16 
22.0] 91 | 6.87 |+5.26 | 0.0477] 0.0421| 0.0460) 0.0441 |18.9|+5.09 | +0.17 


tains the result of the comparison. M, is the mean absolute mag- 
nitude as determined by Adams, m the mean apparent magnitude, 
and m,=10°(@-m)-1 the geometrical mean of the spectroscopic 
parallaxes; a, and z, have been computed by equations (7) and 
(9). V’ is the geometrical mean of the radial velocities and M, the 
absolute magnitude computed from 

M,=m+5+5 log z, (10) 
where 

T= 3(ty+77). 

Formulae (7) and (g) for the mean parallax appear to possess 
some advantages over those commonly used when the range in 
proper motion is large. It is not necessary that the variation in 
m be very small, which is an essential condition both in Campbell’s 
formula 7 = Pak V’ and in the formula for computing mean paral- 
laxes from the parallactic motion, namely, 


2V,=0, 
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or 


ee kv sin d 


V. sin? d 

In order to secure this result, the stars usually are divided into 
groups of the same proper motion and apparent magnitude, but we 
then often obtain groups which are too small to furnish values of 
m accurate enough for deriving absolute magnitudes. Further if 
the geometrical mean of 7 is used, we can compute directly from the 
mean apparent magnitude the mean absolute magnitude, whatever 
the range in 7. 

The largest difference in absolute magnitude in Table II is only 
0.4, corresponding to an error in the parallax of + of its value. We 
may therefore assume that the systematic errors in the spectro- 
scopic parallaxes are comparatively small. 


AVERAGE RADIAL VELOCITY AND ABSOLUTE MAGNITUDE 


In the paper by Adams and myself it was stated that a very pro- 
nounced correlation exists between absolute magnitude and average 
radial velocity. In that investigation types F and G were combined 
as well as types K and M. I have now treated types F, G, and K 
separately and have found as before that no appreciable effect of 
distance can be detected by studying separately stars at nearly the 
same distance. In addition, I have computed the so-called K-term, 
i.e., the algebraic mean of the radial velocities corrected for the 
sun’s motion. With reversed sign this term can be regarded as 
the systematic correction to the measured radial velocities, on the 
assumption that the algebraic sum of the radial velocities corrected 
for the sun’s motion is equal to zero. 

The results are in Table III. M is the mean absolute magni- 
tude, m the mean apparent magnitude, a the geometrical mean of 
the parallaxes, V’ the geometrical mean of the radial velocities cor- 
rected for the sun’s motion, 6 the average radial velocity regardless 
of sign, and K the algebraic mean of the radial velocities. The 
radial velocities are here corrected for the sun’s motion, the con- 
stants 

A=270, D=+30°, V=20.0km 
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being assumed. ‘The ratio of the number of stars within galactic 
latitudes +30° and —30° to the whole number of stars in the group 
is denoted by c, which is, accordingly, a measure of the galactic 
condensation. Were the stars uniformly distributed over the sky 
the value of ¢ would be o.5. 


TABLE III 


RapIAL VELOCITY AND ABSOLUTE MAGNITUDE 


No. | Mu | ™ | T V' | c | No. 6 K 
Mr kus Le 
F Stars 
5 km km 

ESO Wiig Heb.a 56 0.24 | 4.16 | o%016 7.0 | 0.86 56 10.8 | +0.8 
sere Sen ee omec 73 1.54 | 4.83 .022 9.7 255 73 14.4 | +0.8 
DAO Fae ak 00 0.6 66 Qe IND NB, .026 8.6 .64 65 T2530 le ey 
PEE Wyola erin Oe 104 | 4.28 | 5.70 SOE) Lek 45 92 TO. 34 | Tso 
209 ZAZA 5iaL2 || O-O20))| 1024s Ons Ou e200 TAN Ons 

G Stars 
= OLOge alee DS20 Ons Tt aleAROw .O12 7.8 .66 || 149 1G) || Spee 
FIOnL Oe 112 TaeOulese7O 2OL3" | 1050 .50 || 108 13.1 || 4-032 
BOAO Gc bio OC 58 2.74 | 5.60 -027 | 14.5 +50 51 Lp 20 eer 
MASH ACh gs ANA 73 | 4-97 | 6.49 -050 | 15.3 -42 59 Licy (ill ae 238) 
GO Le ee 30 6.90 | 7.36 LOOK, I 2On2 -39 30 207.2) |= A560 
431 2525570) | O. 020m IE TOM MONG ames Oi T4,1))|) Ons 

K Stars 
SOn Ouse eee TIA ORS 2 4nno .018 8.5 n72 eta. 13.5 | +1.6 
TeOn Te Oman 251 1.42 | 4.84 JO2TS|-11.6 MAT 25s TOls5 ur Neel ue 
Pea) s 5-0 ane 108 ZASOm gOS 1032 |) E427. -53 || 107 21.0 | +6.2 
PAINT ahs Hoe ae 78 LOM ANAS .085 | 17.4 .46 78 27-00 | 7RO 
561 2.23) | 5olE | OL027 Sno" On | Ons On! es0o 18.3 | +1.2 


Both the geometrical means, V’, and the arithmetical means, 8, 
of the radial velocities show a decided increase with decreasing 
brightness. There is, however, for all three types an apparent 
deviation from a linear relationship between radial velocity and 
absolute magnitude. If we plot the numbers, we find a break in 
the straight line at absolute magnitude 2 for F stars, at 3 or 4 for 
G stars, and between 4 and 6 for K stars. The same break occurs 
in the K-term, the absolutely bright stars having a positive K-term 
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and the absolutely faint a negative K-term. This break in the 
continuity is probably related to the division of stars into the giant 
and dwarf classes. 

If we assume the mean yelocity to be a function of the mass 
rather than of the absolute brightness, the more massive stars hav- 
ing smaller velocity than 
the less massive, we find +66°5 
that the ratio of lumi- 
nosity to mass is larger +30° 
for the giants than for 
the dwarfs. This is in 
harmony with Adams’ 2 
results that the low- 
temperature lines are 
strengthened in the 
spectra of the dwarf 
stars. — 66°5 

From Table III we Fic. 2.—Distribution of forty-eight standard 
find further that the very regions in the sky. 
luminous stars show a 
much larger galactic concentration than the absolutely faint stars, 
the latter seeming rather to avoid the galaxy. 


—30° 


SOLAR MOTION AND ABSOLUTE MAGNITUDE 


In order to find whether any decided relationship exists between 
the solar motion and the absolute magnitude, I have grouped the 
stars according to absolute magnitude, taking types F and G 
together. Only the radial velocities have been used in this inves- 
tigation. Adopting a method of Charlier,’ I divided the sky into 
48 regions of equal area; but instead of using the equator as a plane 
of symmetry, I have grouped the stars in areas symmetrical to the 
galactic plane. This was done mainly to simplify the study of 
the stream-motion. Fig. 2 shows the location and designation of 
the areas. 

Regions c,; to cz, and d; to dy are situated along the galactic 
equator between latitudes +30° and — 30°, the origin of longitude 

1 Meddelanden frén Lunds Observatorium, Ser. I, No. 8, 1912. 
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being the intersection of the galactic and celestial equators. The 
regions b; to by and é; to é are situated between latitudes + 31° 
and +66° Regions a and / are in latitudes higher than +67° 
The centers of gravity of regions a; to ¢2. are given in Table IV. 
The centers for areas d, e, and f have the same longitudes, but 
galactic latitudes —14°48, —45°1, and —8o’, respectively. 


TABLE IV 


CENTERS OF GRAVITY OF STANDARD REGIONS 


Region Gal. Long. Gal. Lat. Region Gal. Long. Gal. Lat. 
Ges ee eae go° +80° Gta Oe ste +14°48 
a oyanels aye0s!s ie 270 +80 Cane moonnen 45 +14.48 
Deter ae 18 +45.1 Ggeinnacts aes a5 +14.48 
Uecrecinee ec 54 +45.1 Catena OEe 105 +14.48 
LU Picteceente Sieaeitic go +45.1 Ca AREA Rone: 135 +14.48 
Dig Sear dtcwserer oe 126 +45.1 Coca eee 165 +14.48 
UP eat mre oe 162 455 omer 195 +14.48 
Leconte ree 198 +45.1 CSL eee 225 +14.48 
LD eo RENE tenes 234 +45.1 Co ee 255 +14.48 
Dear apt on ceeees 270 +45.1 Corie ener 285 +14.48 
Dyson ese: 306 +45.1 Cr oe ae 315 +14.48 
Ubi NOMS aha, Gb 342 +45.1 Care eee 345 +14.48 


The pole of the galactic plane is assumed to have the co- 
ordinates’ a=190°6, 6= +27°2 (1900). 
The equations for finding equatorial from galactic co-ordinates 
are then 
cos a cos 6=+0.1846%+0 .4494y—0 .87402 


sin a cos 6= —0.9828%+0 .0844y—0 . 16422 (11) 
sin 6= +0 .8893y+0 .45732 
where 
x=cos 1 cos 6, y=sin 1 cos }, z=sin 0. (12) 


The use of the galactic co-ordinates instead of equatorial is of no 
advantage in the computation of the solar apex, but is very con- 
venient in the study of the stream-motion. 

The equation of condition for the determination of the sun’s 
motion from radial velocities is 


WX ot+YV2V otY¥3Zo+K = Vz (13) 


* Groningen Publications, No. 18, 1908. 
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which is to be computed for each region separately, 7x, y2, and ¥; 
being the directicn-cosines of the center of gravity of the regions, 
V the algebraic mean of the observed radial velocities, K the 
K-term, and X,, Yo, and Z# the components of the motion of the 
centroid of the group of stars relative to the sun. Further, 


X,=—V,cos B, cos Lo, Yo=—V,cos By sin L,, Zo=—V> sin By (14) 


where L, and B, are the galactic co-ordinates of the sun’s apex and 
V, the sun’s velocity. 

The different regions have been given weights proportional to 
the number of stars in each. The results, with mean errors 
appended, are in Table V; 6 is the average radial velocity. 


TABLE V 
Sun’s APEX AND VELOCITY 
| | | 
No.| M | m A D Vo K @ 
M 
F and G Stars 
km km km 

So.9 |211/0.31|4.68] 251°6= 6°96 | +22°7+ 6°1|19.4 1.8] + 0.2 +1.8 |11.4 
L.O-1.9/177/1.44|5.42| 267.5 11.0 | +36.312.4|16.6 =2.4 | + 0.0 +1.5 [14.6 
2.0-3.9|167|2.76|5.27| 271.6 9.0] +34.6+10.0] 22.0 £2.8 | — 2.1 +1.7 |16.2 
24.0 |170|5.29/6.41| 279.7 9.5 |(+ 7.4% 9.9)|(26.5 =4.1)| — 1.9 *2.7 |23.9 

725|2.32/5.40| 2068.1= 4.1 | +25.2+ 4.9 | 19.94+1.38] — 0.69+0.85]17.15 

K Stars 

So.g |122/0.54|4.22| 282°4+ 922 | +32.8+ 8.8 | 23.6 =2.6| + 2.0 +1.6 |13.6 
I.O-1.9 245/1.41/4.86 268.6 8.3 | +36.5+ 9.2] 20.5 2.4] + 1.1 =1.4 |16.6 
2.0-4.9| 99|2.58|5.12| 282.1= 9.9 | +16.1+ 9.4 20.4 =~4.6]+ 5.8 +2.4 {18.1 
>5.0 | 79/7.07|/7-41|(285.9+ 28 .9)|(—13.0#34.4)|(15.3 #6.6)\(—11.1 +4.9 26.5 

545|2.25|5.13] 277-5 5.5 | $32.2 5.8] 22.23+1.73) + 1.05+1. 8) 46 

Giant M Stars 

Bright |135|1.5 4-98 264°8+ 7°4 27.0 +=3.3 | + 1.25+1.86/16.9 


There is an indication that the absolutely faint stars give a 
smaller declination of the sun’s apex than the brighter stars, which 
is in harmony with the result that stars of large proper motion give 
a smaller declination of the apex than stars of small motion. This 
is usually explained on the two-drift theory: Drift I having the 
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greater velocity relative to the sun, the stars belonging to it have 
on an average greater proper motions than those of Drift II. The 
relation to absolutely faint stars is partly the result of a selection of 
stars of large proper motion. ‘The results for the faint stars, how- 
ever, are very uncertain, as these have been observed mainly in the 
northern sky only (Mount Wilson Observatory). 

Putting K =o, the discrepancy in the declination of the sun’s 
apex is much diminished. The results corresponding to this 
assumption are in Table Va. 


TABLE Va 
Sun’s APEX AND VELOcITY—K-TERM=o 
Mu A | D | Vo | 6 
F and G Stars 
km km 
0.31 251¢4 22.5 19.4 jena 
I.44 267.5 +36.3 16.6 14.6 
2.76 272.1 +36.4 22.8 160.3 
5.29 279.6 +10.9 Zeal 23.9 
2532 268.3 =-20.1 20503 es 
K Stars 
0.54 279.6 +33.8 24.0 13 7, 
1.41 268.1 ae 20.4 16.6 
2.58 284.5 20.0 26.0 18.6 
7.07 289.0 +26.5 2200 202 
2225, OMG Ke) aoe 22:10 18.5 
Giant M Stars 
1.15 | 264.2 | +26.1 | 26.8 | 16.9 


From all later-type stars (excluding dwarf M stars) we find for 
the solar motion 


Ao= 270°9+3°28 K=o (assumed) 
Do=+ 20.23.48 Ay= 270°7 
Vo=  21.48+1.02 km/sec D,=+29.0 

6= 17.71 km/sec Vo= 21.42 km/sec 


K=+ 0.36+0.60 km/sec 6= 17.71 km/sec 
No. of stars 1405 
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The values of @ are found a posteriori from the least-squares 
solution. Their increase with the decreasing brightness is well 
shown. There is no pronounced relationship between absolute 
magnitude and solar motion#except the decrease of declination for 
the intrinsically faint stars, which probably is partly an effect of 
different proportions of stars belonging to the two drifts. It is to 
be observed that these faint stars cannot be compared with appar- 
ently faint stars, which according to Dyson and others give a high 
declination for the sun’s apex. The latter are mainly very distant 
stars, while the dwarfs are stars at very small distances. 


PREFERENTIAL MOTIONS 


The preferential motion of the stars used in this investigation 
has been determined from the radial velocities alone. Instead of 
using the dispersion—that is, the square root of the sum of the 
squares of radial velocities corrected for the solar motion divided 
by the number of stars—I have used the average radial velocity as 
a measure of the mobility in the line of sight. Squaring the 
velocities exaggerates the effect of a few high velocities, and even 
if we exclude velocities larger than a certain limit, there is often too 
great a number of high velocities near this limit. (Cf. Eddington, 
Stellar Movements, p. 147.) 

The grouping of stars according to absolute brightness is very 
useful for the study of preferential motion, since the different groups 
are then more homogeneous as regards their mean velocities and 
only a very few stars of high velocity have to be excluded. Since 
the reductions for each star were computed before the solar motion 
was determined, I assumed for the latter A =270°, D=+30°, and 
V,=20.0km. These differ slightly from the values just found for 
the later-type stars, but the effect of the difference is quite inappre- 
ciable. No systematic correction has been applied to the meas- 
ured radial velocities (K-term) since the values found in Table V 
have rather large errors, and are themselves probably too small to 
affect the result appreciably. The average velocity corrected for 
the sun’s motion was computed for each region, the corrections for 
the sun’s motion being determined separately for each star, and the 
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co-ordinates of the center of the region were used for computing 
the velocity surface. 

I have made use neither of the ellipsoidal theory nor of the 
method for computing the two drifts, but have employed a more 
general method, which enables me to take into account the dif- 
erence in mean velocity at opposite points of the sky. We know 
that the sun is somewhat north of the real galactic plane, and, 
further, that the B-type stars and the apparently faint stars in 
general are not uniformly distributed in galactic longitude. If in 
accordance with Turner’s suggestion we assume the stream-motion 
to be a gravitational effect, we cannot expect a priori the velocity 
surface to be symmetrical with respect to the sun, but may antici- 
pate it to be related in some way to the eccentric position of the 
sun in the stellar system. Since the mean distance of the late-type 
stars is of the same order of magnitude as the distance to the center 
of the stellar system, we may expect asymmetrical (odd) terms in 
the analytical expression of the velocity surface. Such asymmetri- 

cal terms would also exist if the velocity of the stream-motion were 
different in different regions of space, which has been suggested by 
Kapteyn (Mount Wilson Annual Report, 1916, p. 255). 

We desire to express the average radial velocity as a continuous 
function of the longitude and latitude of the different regions. We 
start from the following rational integral function of the direction- 
cosines :* 

4 = At byx+ bry + b32 + 67+ + 632+ Cyryt 65x02 
+ coyz+dix3+ day3+ 4,234 dyxy+dxy?+ doxz (15) 
+d x2?+- dsy’2t+dyy2?+dixtyet+ .... 


in which ¢ is the radius vector and equal to the average radial 
velocity 6, and x, y, and z are the direction-cosines of a point on the 
surface as defined by equation (12). We then have 


v+y+e2=T, (16) 
The intersection of this surface with the X Y-plane has the equation 
4= dot bx bay +o +oy+ccy+ d+ days+-dyxrsytdsry+ .... (17) 


*Such a surface including terms of second order only was used by Eddington, 


Monthly Notices, 75, 521, 1915, as representing approximately an ellipsoidal velocity- 
distribution. : 
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Introducing the longitudes we find 
r=a t+; cos 1+, sin 1+; cos 21+ y. sin 2+... . (18) 


whence we see that (17) can be represented by harmonic terms of 
the same order as the degree of equation (15). This property holds 
for every intersection of the surface with a plane through the 
origin, for the form of equation (15) is unaltered if we change the 
direction of the axes of the system of co-ordinates. The arguments 
of the harmonic terms are thus multiples of longitudes reckoned in 
the intersection plane. Taking into account this property, we find 
that the number of independent coefficients in the equation of the 
surface is (w+1)? where is the degree of the equation. In equa- 
tion (15) some of the coefficients are thus superfluous, a fact de- 
pending on the circumstance that «x, y, and z are connected by 
equation (16). These we shall eliminate as follows. 

It is convenient to define the coefficients in the expression for 
the surface in such a way that the terms in x, y, and g represent 
deviations from the mean radius vector. We therefore introduce 
the condition r=d, r being the mean of all the radii vectores to 
the surface. The integral over the sphere for all other terms must 
be equal to zero. This is the case for each of the terms as they 
stand, except those involving x’, y’, and 2’. The condition that the 
integrals for the sum of these terms may also be zero is found as 
follows: Since x, y, and gz are direction-cosines, the definite integrals 
of x?, y?, and 2? over the sphere are equal. Denoting the value of 
these integrals by o, the required condition is 

(atG+c;)0=0, 
whence 
C3= —Cr— Ca. 

To eliminate the remaining superfluous coefficients we write the 
identities 

axs+axy?+axz?—ax=o 

Ba?y+ By8+ Byz*— By =o (19) 

Year ye yo —ye=0 


where a, 8, and y are quite arbitrary. Assuming 


dyba=d+-7=4,+8=0 
349 


18 GUSTAF STROMBERG 


and adding equations (15) and (19) and simplifying, we find 


r=7+ Bux t Bayt By tC? +Cay— (Ci4+- C2) P+Cyxyt+ Cyne 
+C,y2+ Dui+ Diy} + D38+ Dyweyt+ Dsxy+ Dowr2+ Drxye, 


which contains no superfluous coefficients. 

Introducing now longitudes and latitudes defined by equation 
(x2), we find the following trigonometrical expression for the sur- 
face: 

r=r+B, cos 6 cos 1+ 8, cos 6 sin 1+; sin b+7; cos? 6 cos 21 
++, cos? b sin 2l+-7;(2/3—cos? b) +, sin 2b cos 1 
++¥; sin 2b sin ]+6,, cos 6 cos 3/-+6, cos? 6 sin 3/ (21) 
+6; cos? 6 cos J +6, cos? 6 sin /+-6; sin3 b 
+65 cos? b sin 6 cos 2/+6, cos? 6 sin 6 sin 2M. 


(20) 


Equation (21) is the expression for the surface to terms of the 
third order inclusive. For application I have changed the form of 
(21) somewhat in order to separate the terms more easily and to 
secure nearly the same variation in the different trigonometrical 
combinations, so that the coefficients may indicate nearly the real 
effect of the different terms. 

The form used is: 

6=a)+4,; cos 6 cos I+-a, cos b sin J+-a; sin b-+a, cos? b cos al 

+a; cos? b sin 2l-+d¢ (2—3 cos? b)+a, sin 26 cos 1 

+a, sin 26 sin J+<a, cos 6 cos 3/+ dy. cos 6 sin 3/ (22) 
+4 Cos 36 cos 1+ dy2 cos 36 sin /+a,; sin 36 

+41, 8/3 cos? b sin b cos2l+a;, 8/3 cos? b sin b sin 21. 


The terms with coefficients a; to a; are of the first order, a, to dg 
of the second order, and a, to a; of the third order: i.e., they have 
I, 2, and 3 maxima and minima, respectively. Each term repre- 
sents a deviation from the sphere 6=0=a, but does not affect the 
mean value of 6=a, for the whole sphere. 

Turning to Tables III and V, we find that average velocity is 
more closely related to absolute luminosity than to spectral type. 
For this reason and in order to obtain groups large enough for study- 
ing the variation in average velocity for different regions in the sky, 
the stars were divided into three groups having different radial 
velocities, each including stars of types F, G, and K. The first 
group contains the stars intrinsically brightest with absolute mag- 
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nitudes equal to or less than 1.9 for F and G stars, and equal to or 
less than o.9 for the K stars. The average radial velocity for this 
group varies from 11.4 to 14.6 km (see Table V). In the second 
group of stars, of absolute rhagnitudes 2.0—3.9 for F and G stars 
and 1.0—4.9 for the K stars, the average radial velocity ranges 
from 16.2 to18.1km. In the last group all stars fainter than these 
limits were taken together, with average velocity ranging from 23.9 
to 26.5km. This group also includes 11 dwarf M stars with an 
average radial velocity of about 30km. ‘These groups are more 
homogeneous with regard to velocity and probably even to mass 
than groups based solely on spectral types. Further data are 


given in Table VI. 
TABLE VI 


GROUPS FOR STUDY OF PREFERENTIAL MOTION 


Group No. M m Z 6 

: km 
I Very bright....... 509 0.76 4.83 o”o1s TG} A 
EG Beer ee 513 2.08 5.09 0.025 187) 5588 
LEC BAINES os osisieeiels 260 6.05 6.82 0.070 25.88 


The average velocity for the stars of these groups in each of 
the standard regions, corrected for the sun’s motion, is given in 
Table VII. The problem is the representation of these data by the 
surface defined by equation (22). 


TERMS OF EVEN DEGREE 


Since the terms of odd degree are equal and opposite in sign for 
opposite points in the sky, we may eliminate them by using the 
means for opposite regions. We can thus derive independently the 
terms of even degree. The corresponding equation," representing 
radial velocities, is 

6=a,+a, cos*b cos 2/+a; cos’b sin 21-+-d5 (2—3 cos’) 
+a, sin 2b cos J+ag sin 26 sin J, 
In combining opposite regions the average radial velocity was com- 
puted by giving weights proportional to the number of stars; but 
for the determination of the constants of the surface, the 24 means 


« This expression was used by Hough and Halm for computing the solar motion 
on the assumption of two opposite streams (Monthly Notices, 70, 94, 1909). 
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TABLE VII 
VELOCITIES FOR STANDARD REGIONS 


I II Iii I II Iil 
REGION REGION = 
0 No. 6 No. ) No. 8 No. 6 No. 6 No. 
km km km km km km 
ihe Bomoseen 6 o | 8.3 PEM oeeene Mbikewecirecnc || seo oak | | ga | 
OP aay || eX basi) |p meh) asec Bets ORO 7 |23.6 9 5-4 2 
15-9} 4 |14-7 | 20 | 33.3 | 14 13.3 | 17 |17-5 | 15 | 11-3 5 
roams TI8) | E298 04) | 7 MSTA ere hae A ae On te Oey 7an mee 
Devens EF MAG terdasye liao yall stomere tsa CMe oalierase, || Olney 26 le || Yaa) ||) 
Peccoe TZOuE2n (2023 6>(2073)) |Seesilkez ae [ES On |e tOn ieee al Sern eoce allen 
gsteraets 11.6 | 12 |16.9 Ole S2a2) Esa eget E31 0) 2063 if |p Prese 9 
Desees TALS) | 07s |tOsee | LOM 2024 tt sallnee 15.8 Aale2e0 royh || ee e/ 2 
bene TOnd | yO MTOe su etonl(aams))|| mee alincg Moy || Zh ecsk ae EGA) om 
UPS BeamEKONN| > WP ERGy ||) eae asieln || OY 9.4 Tal LOnOm|etAT ee Stee @ 
Osa Reon ay ESO |b Be) Zhe a || €gscacl SsO au Poet | exOm (S.0))| aux 
Byovoos on they lp ame Niche) es Ajoconiimen | @ Wrst || Sek) & 
(Fame exoyal cul nip Avo aoa esp th no lhmats lh Gy ius | @\KEO.e)l a 
12.20] 81 |17.63]100 | 25.7 | 79 I2.25| 82 |16.68|109 | 27.1 | 49 
Creo oats) |} Sis) |QBoa% j| A ||, Bo)2 ON Mes onltws6) |) ae) Poh. So [le roves (th si 
Casstnatere LEAN OY drei | were I. stse emer anole ise: | eouingoysas || ays> || 7x3 03) 8 
C3 vicishe < TARO MEL ut Geom ralleo2aO TN dzacea| TA One LOm| DA Oller let OMOn | eeteh 
Cpe avian Beery! Gyr | G56) ||| ae) tive, & O itd 20.0 [arSaltonomleon icOn7, 6 
Gye niin: 10.4 | 13 |16.2 SiIRZOROr eno) |k@cuenel Dts TaleaOMmone 7 | 36.9 3 
CGimaers E72 LS. Pan So LOROT GO nindea kOe On leromi zon 853220 8 
Orson: ESa20)) Tt |2020 YN Qe AA G7e-s Ono) ee 13580 Fae cr ecske ° 
C8teeG 14-4 leeSalrsea i Oul(vO2S))l mre |irbeeeees| ene | Nera Aces meer Om (Ceate7)) mer 
Gone On |e On || HO en woe O))| | Sdonerna | ESusue LO Eben lm 12101 1O's 7) Mier 
Grom O20 || <4 )2O- 341 4 (6850) |) rallro2 == |S 30 |e kOm| Lon 30 terol (acm) ere 
G5 AE8.6 | OES e751 0E2 1COs0)! 2 dias RO Gales \eoee er sa ln, eee ° 
Gig. .+=|10.6 | 8 |r7.6 8 | 29-7 Sill rae Se 7aleny 27 ao $7430 2 
Ene Mimies Ines oniy|teg || YL, ia! || (our 14.09|182 |19.03/137 | 26.5 | 52 


thus obtained were given equal weight. The following values of 
the coefficients and their mean errors were found from a least- 
squares solution. 


Coefficient I II Il 

km km km 
Qo I2.97+0.42 17.290+0.58 25.40+1.33 
(CO COP Ahaae oa a4 + 2.540.75 | + 2.62+1.04 | + 5.13+2.37 
Ccos7bisinvalaemerne ds merase yy PP eS OP SESS). Bi 
DiS aCOS 7 Meee a6 — 0.580.46 | — 0.42+0.63 | + 0.80+1.44 
SAN CTS 5 on - ay — 0.09+0.76 | + 0.90+1.05 | — 1.76+2.39 
SH ANS No ce gas ag — 0.86+0.75 | + 0.77#1.03 | — 0.30%2.35 
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The last three coefficients have rather large errors as compared 
with the coefficients themselves, and hence they might be excluded 
in computing the axes. Since all the terms, however, are of equal 
geometrical significance, we’ can secure a little more accuracy by 
taking all into account. The very small term —o.09 sin 26 cos J, 
however, has been omitted. 

Introducing direction-cosines, we find 

I 6=12.97+3.124°—1.96y?—1.162°—1 .o2xy—0 .184z—1 .72yz 

Il 0=17.29+3.04%7—2.20 —0 .8523—3 .62xy+1 .80x2+1 . 542 

TIT 0=25.46+4 .334°—5 .93y-+1 .6027—11 .36x%y—3 .5242—0 . 6oyz 

In forming the maxima and minima of these expressions for the 
determination of the position of the axes of the surfaces, we must 
take into account the condition (16). We therefore write equal to 
zero the partial derivatives of the function 


O—) (x?-+ y?+2?—1), 
in which dQ is an arbitrary coefficient. 
The direction-cosines x, y, and g of the axes of the surface are 
therefore given by the equations 


(+3.12—A)x—oO.51y —0 .092 =o 

Group I..4 —o.srx +(—1.96—A)y— 0.862 =o 
—0.09x — 0.86y +(—1.16—))z =o 
(+3.04—A)x— 1.81y +0 .902z =20 

Group II..4 —1.81x +(—2.20—A)y+o.772 =o 
+o.gox + 0.77y +(—0.85—A) z=o 
(+4.33—A)x—11.36y —3.522 = 0 
Group III..{ —11.36% +(—5.93—A)y—o.60z =0 
5 en — o.60y +(1.60-—A)z =o 


The discriminating cubics of these equations are 
I \3— 8.469A— 5.025=0 
II \N3— 12.081A— 5.940=0 
III \3—170.04X 4223.64 =O 


The roots of the cubics are 


A A A3 


a 3.17 —0.62 Sass 
IE = 3.70 — O50. — 2.20 
III +12.32 +1 .33 —13 .65 


The axes of the surfaces thus computed are in Table VIII. 


303 


22 GUSTAF STROMBERG 


The maximum axis, which can be assumed to be identical with 
the axis of preferential motion in the ellipsoidal and the two-drift 
theory, lies in all cases near the galactic equator. The intermediate 


TABLE VIII 


VERTICES OF MoTION. TERMS OF EVEN DEGREE 


Group Axis 6 1 b a ty 

kn ° ° 

Maximum sere 16.14 I74°3 + off 98290 | + 5° 

Naor Minimums: 10.42 84.3 +31.9 236.0 +83.2 
Third direction...) 12.35 264.4 +58.1 187.7 — 4.5 

H(Oiaxam ain eee 20.98 164.0 — 8.0 85.9 +10.3 

1 Eee oot e Minimum....... 14.09 70.4 | —23.6 348.4 | +35.7 
Third direction...) 16.79 91.8 +64.9 189.4 +52.3 
Maximumige: aa: 32.38 148.5 +14.1 99.6 +34.1 

NM ete eres Minimum....... ese 56.2 = 1Onit 303 a7 mle soe! 
Third direction...| 25.58 20402 Mal peta ged 197.6 | +11.7 


axis lies in all cases nearest to the galactic pole. 
For comparison I give here a list of other determinations of the 
principal vertex mainly from Eddington, Stellar Movements, p. 124: 


a é 

Distant stars: Kapteyn gI° +13° 
Rudolph 96 am i 

Hough and Halm 90 + 8 

Eddington 95 3 

Schwarzschild 93 ar 

Eddington 04 +12 

*Hough and Halm 88 +27 

*Gyllenberg* 84 + 5 

Raymond? Q2 =p 

*Present Paper (land II) 92 + 8 

Nearer stars: Charlier 103 +19 
Dyson 88 +ar 

Beljawsky 86 ++ 24 

Raymond? 92 aRAS 

*Present Paper (III) 100 +34 


(The asterisk indicates that the determination is based.on radial velocities.) 


* Meddelanden fran Lunds Observatorium, Ser. II, No. 13, 1915. 


? Astronomical Journal, 30, t91, 1917. 
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There is here some indication that the nearer stars yield a higher 
declination for the principal vertex. The same result is found in 
the present investigation, the declination of the vertex having 
values +5°1, +1093, and +34°1; and it is even more marked in 
the galactic longitudes 174°3, 164°0, 148°5. 


ASYMMETRICAL TERMS 


In order to find if there are systematic differences in the average 
radial velocities in opposite regions, I have computed the terms of 
the first and third orders in the expression for the surface given by 
equation (22). One-half of the difference of the average velocities 
for opposite regions represents their effect. The number of stars 
in some regions of the third groups being too small, I have discussed 
in this way only stars of the first and second groups. 

The expression used for the asymmetrical terms is 

Aé=a, cos 6 cos /+a, cos b sin 1+a, cos%b cos 3/-+4a,. cos%b sin 31 

+4: cos 3b cos /+ 4,2 cos 36 sin /+a,; sin 3b 
+z, 8/3 cos’b sin b cos 2/+-a:, 8/3 cos’b sin 6 sin 2. 

The term a, sin 0} is omitted, the stars near the pole of the 
galaxy being too few to yield a good determination. In the second 
group I have replaced the term a, sin 30 by the fifth-order term 
dy sin 4b cos 6, which proved to be very large. 

Assigning equal weights to the different regions, a least-squares 
solution gave the following values for the coefficients: 


I II 

i, km km 
OST COS ane eper tere ta oronaye dy —1I.21+0.45 | —0.47+0.91 
COS TU SUN ge ere iake oh G2 +0.84+0.45 | —0.35+0.91 
COSSU-COS Bhaja. cele cio 5 on0 dy —1I.94+0.52 | —1.87+1.07 
COSUSUIES) ener asta stares dro —2.15+0.52 | —2.47+1.07 
CORSO COS Users retsea's lek dr +0.74+0.53 | +0.25+1.09 
COS ZU CI ee mere ere eiets (x | —1.340.53 | —0.29+1.09 
ils hel Merc os aoe aero Rte ax3 — OO == ON35 a eevee ore rie 
8/3 cosh sin b cos 2l...| dry | +0.98+0.47 | +0.14+0.97 
8/3 cos?b sin b sin 2J....| Qs | -+0.320.47 | +2.73+0.97 
Slit 40 COS/O mae) rrere TG neese mene —2.35+0.89 


For the second group a new solution was made putting a:=a, 
=(1;=(y,=,,=0. The values were not changed, but the mean 
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errors of the four remaining terms were reduced to +0.94, 0.94, 
0.85, and 0.78, respectively. 

The complete expressions for the surfaces used in computing the 
maxima and minima are thus 


I 6=12.97—1.21 cos b cos 1+0.84 cos 6 sin 1+-2.54 cos’) cos 2l 
—o.51 cos’) sin 2/—0.86 sin 2b sin /—1.94 cos%b cos 31 
—2.15 cos’ sin 3/+0.74 cos 36 cos 1—1.34 cos 36 sin 1 
+o.98X 8/3 cos’b sin 6 cos 2l+0.32X 8/3 cos’b sin 6 sin 21 
—o.58 (2—3 cos’*b) —0.66 sin 36. 


II 6=17.29+2.62 cos*b cos 2/—1.81 cos*b sin 2J+-o.90 sin 26 cos 1 
+o.77 sin 26 sin ]—1.87 cos’ b cos 3/—2.47 cos%b sin 31 
+2.73X8/3 cos’b sin b sin 21—0 .42 (2—3 cos*b) 

—2.35 sin 40 cos b. 


In Figs. 3 and 4 are shown the intersections of these surfaces - 
with the galactic equator. The radii vectores of the dots represent 
the average radial velocity for the squares along the galaxy, i.e., 


TABLE IX 
INTERSECTIONS OF VELOCITY SURFACE WITH GALACTIC EQUATOR 
e I II 
AL, 
REGION ae 
No. % obs. ocomp, o-C No. 9 obs 9 comp O-C 
km km km km km km 

Ge aclhecasant aS 25 Ir.6 | 12.0 | —o.4 20 16.9 | 16.0 | +0.9 
(ra UPgoonaase 45 50 E250), te 2a eon, 29 D7 sens 5 le hee: 
Cera Oae aerer 75 30 14.3 | 13.4 | 0.9 33 14.8 | 17.6 | —2.8 
Os libro p08 a3 105 27 E23a| Ele ie a1-OLO 33 16.21 | 16.8 | —0.7 
C5 ds... ass a 135 20 Viseery |) Scr s 0.0 15 L7eSa|eLOsS || ci-1.O 
OF PCLip a ldots © 165 30. 4) TS) TOs2 ete 16 7-5 | 20.4 | —2.0 
Cparlbnnagocts 195 23 18.6 | 19.0 | —o.4 14 25200 e220 alia 5O 
ChiaizCs eee 225 Dp T2538 2360) |e se) E4611) 20.3 || o— res 
Ce adios Seen 255 31 reo; SO eee) 22 10.7 | 11.5 | —0.8 
(its OS se bia Ble 285 14 S55.) Ptr. Stiles 27 16.3 | 15.9 | +0.4 
Cutdu....... 315 21 7.4 | 170 | =-O.4 Ds 21.2 | 22.6 | —T. 4 
Cratdy......: 345 23 14.8 | 15.8 | —1.0 16 22.7 | 21.3 | +1.4 

325 269 


Cr:+d,, C.+d2, etc., whose values are in Table IX. The dotted 
curves are the intersections with the galactic equator of the surfaces 


containing only terms of second order. 
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For both groups of stars we find a very marked three-lobed 
curve of nearly the same general appearance and position in the 
galactic equator. The three maxima are produced by the large 
third-order terms a, cos*b cos’ 3/ and dy. cos’b sin 3/. The sums of 
these terms for the two groups are 


I 2.90 cos%b cos 3(J—76°0) II 3.10 cos%b cos 3(/—77°6) 


with mean errors in the coefficients of 0.74 and +1.33, respec- 
tively. They are of the same magnitude as the second-order terms 
which determine the stream-motion, namely, 


I 2.59 cos’ cos 2(1—174°3) II 3.18 cos’b cos 2(1—162°7) 


the mean errors here being 1.06 and 1.47. The evidence for 
these third-order terms has therefore much the same definiteness 
as that for the existence of the stream-motion. 

The maxima of the surfaces were obtained by assuming approxi- 
mate values of the longitudes and latitudes of the axes and com- 
puting corrections to their co-ordinates with the aid of the formulae 


a9, | 80 29 
Abra apa t 3g ° 
9 80 8 
49.284 p84 20 


apart Sap tay =° 


the derivatives being calculated with approximate value of 6 and /. 
The two principal maxima of the radius vector for each surface are 


given in Table X. 
TABLE X 


Co-ORDINATES OF Maximum RaApDIAL VELOCITIES 


Group |Maximum @ 1 b a § 
km ° ° ° 

I {19.60 190° +4 109 — 7 
SOM ee S 17.50 324 = 264 —33 
Il ae 179 —18 84 —7 
es oR 26.33 322 —19 283 —4I 


An approximately symmetrical plane perpendicular to the galac- 
tic equator was found for the two surfaces in longitudes 


lL L=258°6'5°9 Il L=256°6+3°0 
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Each of these directions nearly bisects the angle between the two 
maximal axes of the surfaces. In Figs. 3 and 4 the directions of 
the planes of symmetry are indicated by arrows. 


VELOCITY SURFACE OF THE DWARF STARS 


In order to find the longitudes of the maxima of the average 
radial velocities, a harmonic analysis was made taking together all 
stars between galactic latitudes —66° and +66°. The values of 
6 for the different regions are found in Table XI. 


TABLE XI 
AVERAGE VELOCITIES—DWARF STARS 
Region Gal. Long. No. 9 obs Cheessite 0=C 
km km km 

brtertertdr...... 2... 16°5 38 29.3 29.6 —0.3 
Dates tCotd2.........-. 49.5 33 257, 21.6 +o.1 
b3+e;+¢;+d;+¢,+d,.... 90.0 44 21.9 2202 —1.3 
bytegtCstds.........-- 130.5 34 Bie 28.6 +3.1 
bs-+-es+co-+d6......:-.-- 163.5 30 20.2 20.7 —3.5 
beteete;tdy........0.. 190.5 7 30.8 27 +3.5 
byte; tegtdg... 2.2.0... 229.5 be) 12.4 Ds) —2.9 
av ae ue 270.0 II HOPS) LEa7 41.1 
botbeoteutdu....... 310.5 15 AAG 2710 0.0 
beiewseeeedes: Sowell By Baty 19 34.0 33-9 +o.1 


The computed average velocities were derived from the expres- 
sion 
9=24.35+1.78 cos /+3.76 sin/+6 .88 cos 2/—4 .88 sin 21 
—©.17 Cos 31—2r 07 sin ai, 


which is the result of the analysis. 

The maximum values of @ are in longitudes 157° and 340°, and 
there is further a pronounced minimum in longitude 252°. The 
longitude of the symmetrical plane is 254°, in close agreement with 
that found for the more distant stars. The curve is given in Fig. 5. 


TENTATIVE EXPLANATION OF THE PROPERTIES OF THE 
VELOCITY SURFACE 
It is possible that the asymmetrical form of the surface repre- 
senting the average radial velocities 6=f/(b, 7) depends upon the 
eccentric position of the sun in the galactic system of stars. This 
suggestion is supported by the fact, derived by a consideration of 
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FIG. 5 


Fics. 3, 4, 5.—Intersections between the average radial-velocity surfaces and 
the galactic equator for the three groups of stars—Fig. 3 for the stars intrinsically 
brightest and most distant, Fig. 5 for those intrinsically faintest and nearest, and 
Fig. 4 for the stars intermediate in luminosity and distance. The radii vectores of 
the points represent the average radial velocity (1 cm=g9 km/sec.) in regions adja- 
cent to the galactic equator. The full curves are the intersections when terms to 
the third order inclusive are taken into account; the dotted curves, when terms of 
the second order only are used. ‘The projections of the maximal axes of the surfaces 
are indicated by straight lines; the arrows indicate the longitudes of approximately 
symmetrical planes perpendicular to the galactic equator. 
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the terms depending on galactic latitude alone, that in all groups 
the average radial velocity is a maximum somewhat south of the 
galactic equator. 

We thus find the following expressions for the variation in 
latitude alone: 

I 8=12.97—0.58 (2—3 cos’b) —0.66 sin 30 
Il 0=17.29—0.42 (2—3 cos’b)—2.35 sin 4b cos b 
Ill 0=25.46—0.37 (2—3 cos*b)+4.95 sin b—4.94 sin 36 
the last being derived from a separate analysis of the average 
velocities in the six different zones. The curve corresponding to 
Group II is given in Fig. 6. 

All these functions have maximum values of 6 for negative 
values of the latitude. Thus, 

Ll On =13.90 km b= —10974 
II Omax.=19.7km b6b=—19.9 
TIL @max:= 28.4 km  6=—2273% 

Since the sun is situated north of the real galactic plane at a 
distance of about 20 parsecs, the result may possibly indicate a 
maximum of space velocity in this plane. 

The position of the center of the galactic system has recently 
been determined by Charlier? and by Walkey.* Charlier gives for 
the co-ordinates of the center of 800 B-type stars 

@=115°5, d6=—55-6; J=236°, b=—14° 
Distance= 18.21 siriometers= 88 .3 parsecs. 


Walkey finds for 30,736 stars of all types ]=246°, and for the 
B and A stars separately 
834 B stars, =239° 
10,337 A stars, 1=250° 


The last value agrees well with the longitude of the planes 
symmetrical to the velocity surfaces (258°6, 256°6, 254°).4 


* This, however, is not the principal maximum which lies at the galactic north pole. 

? Meddelanden fran Lunds Observatorium, Ser. I, No. 14, 1916. 

3 Monthly Notices, 74, 649, 1914. 

4A new determination by H. Nort of the star-densities as a function of galactic 
longitude has recently appeared. He finds from the Harvard Map of stars down to 


eleventh magnitude a largest concentration at longitude 275° (Recherches Astrono- 
miques de Vobservatoire d’ Utrecht, 7, 1917). 
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We may assume that the maximum of average radial velocity 
occurs when the angle between the line of sight and the direction 
of preferential motion in space is a minimum. The fact that the 
two maximal axes of the surface are inclined to each other might 
therefore be interpreted as a result of a preferential motion around 
the center in both directions. The plane of symmetry of the sur- 
face would then contain the center around which the stars are 
moving. The agreement between the longitudes of the symmetrical 
planes and the longitude of 
the center of the galaxy as 
determined by Charlier and 
Walkey supports this hypoth- 
esis. The increase in the 
values of the difference in 
the longitudes of the axes 
of maximum radial velocity 
(134°, 143°, and 183°), as we 
pass from the distant stars 
to the nearer, is also in 
harmony with such a sugges- 
tion. Further, if the stars are Fic. 6.—Intersection of a plane through 
moving around the center of the axis of the galaxy with the surface of 


h ll revolution representing the average radial 
the stellar system, we may velocities for stars of Group II when terms 


expect a minimum of orbital depending on galactic latitude alone are 


velocity near the center.: included. Dotted curve corresponds to 
terms of even orders. 


Such a minimum is perhaps 
indicated by the exceptionally small values of the radial velocity 
near longitude 257°. 

That the stream-motion possibly is a motion around the center 
of the galaxy is further indicated by the fact that the axis of pref- 
erential motion is in the galactic plane and nearly perpendicular 
to the direction toward the center of the stellar system. 

The increase in average radial velocity with decreasing bright- 
ness is well shown in Figs. 3-5, which are drawn to the same scale. 
For almost every region when separately considered the radius 


” Astronomische 


‘Stromgren, “Uber Bewegungsformen in Globular Clusters, 
Nachrichten, 203, 17, 1910. 
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vector increases with decreasing brightness in passing from Group I 
to Group III. 


SUMMARY OF RESULTS 


The radial velocities of stars of spectral types F, G, and K have 
been studied, the stars being grouped according to absolute lumi- 
nosity with the aid of Adams’ spectroscopic parallaxes. The rela- 
tionship of proper motion to parallax has been determined, and the 
systematic errors in these parallaxes have been calculated by assum- 
ing the same frequency-distribution of the velocity-components in 
the line of sight as at right angles to it. The variation with abso- 
lute brightness of average radial velocity, of the K-term, of galactic 
concentration, of the solar motion, and of the stream-motion has 
been studied. The following are the main results. 

1. In the formula of Kapteyn for computing mean parallax from 
proper motion and apparent magnitude it is necessary to add a 
term ¢ to the proper motion in order to secure satisfactory agree- 
ment with the measured parallaxes of the very distant stars. The 
parallaxes of these stars appear to be almost independent of proper 
motion. 

2. The systematic errors in Adams’ spectroscopically deter- 
mined parallaxes are small, the maximum error being one-fifth of 
the parallaxes. 

3. For stars of types F, G, and K there seems to be a steady 
increase of average radial velocity with decreasing brightness. For 
all three types there seems to be a break in the linear relationship, 
corresponding to the division into giants and dwarfs. If we sup- 
pose the relation between velocity and luminosity to be an effect 
of mass, the giants probably have a higher ratio of luminosity to 
mass than the dwarfs. 

4. The intrinsically bright stars have a higher galactic concen- 
tration than the fainter stars. 

5. The K-term seems to be positive for the brightest stars and 
negative for the fainter stars. 

6. No decided relationship between the constants of the solar 
motion and absolute brightness could be found. The intrinsically 
faint stars show, however, a somewhat lower declination for the 
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sun’s apex than the brighter ones. Since the fainter stars have been 
observed mainly in the Northern Hemisphere, the declination of the 
apex is somewhat uncertain. 

7. The preferential motions of three different groups of stars 
have been studied, the groups including stars of different lumi- 
nosities and distances. A general expression for a surface repre- 
senting a continuous variation of the radius vector (=average 
radial velocity) with direction has been used. This takes into 
account not only symmetrical terms affecting opposite points in the 
sky equally, but also asymmetrical terms with opposite effects at 
opposite points. The major axis of this surface agrees well with 
the axis of preferential motion usually adopted, if only terms of 
even order are used. Adding terms of odd order (asymmetrical 
terms), we find that the two axes of maximum radial velocity are 
not in a straight line, but are directed toward points near the galac- 
tic equator, and differing in galactic longitude by 134°, 143°, and 
183°, respectively, for the three groups. The best approximation 
for a symmetrical plane perpendicular to the galaxy has for the 
three groups galactic longitudes 259°, 257°, and 254°, which agree 
well with the longitude of the center of the stellar system as deter- 
mined by Charlier and by Walkey. This perhaps indicates that 
the stars studied are mainly moving around the center of the 
galactic system, with a preferential motion in the galactic plane. 


Mount WILSON SOLAR OBSERVATORY 
October 1917 
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NOTE ON THE CEPHEID VARIABLE SU CASSIOPEIAE 
By WALTER S. ADAMS anv HARLOW SHAPLEY 


A variation in the radial velocity of Boss 637, SU Cassiopeiae,’ 
was found by Adams in the course of the regular spectroscopic work 
with the 60-inch reflector. The observations and measures were 
made without knowledge of the variations in light, as the star is 
not listed as variable in the Preliminary General Catalogue. The 
spectrograms on hand permit an inquiry into spectroscopic parallax, 
variation of velocity, and changes in spectral type, and the last 
may be compared with the analogous variations previously found 
from objective-prism plates. The material is discussed in the 
present note, which also includes some remarks on the variation 
in light. 

The variability in brightness was detected in 1906 by Miiller 
and Kempf? from the discordances in measures for the Potsdam 
Photometric Durchnwsterung. A special photometric study indi- 
cated a variation between magnitudes 5.93 and 6.26, with a 
period defined by the formula, 


Max.=J.D. 2417287 .30+1.9498.E, G.M.T. 


The visual light-curve was found to differ from that of typical 
Cepheids in its small amplitude and symmetrical form. 

In 1906-1908 the star was observed photographically by J. A. 
Parkhurst, who also found the variation peculiarly small and nearly 
symmetrical with respect to maximum light. The elements by 
Miiller and Kempf being unsatisfactory, the period 179490 was 
substituted for the value above. From the photographic mag- 
nitudes at maximum and minimum, 6.52 and 6.99, respectively, 
Parkhurst derived a variation in color-index from 0.59 to 0.73. 
An objective-prism plate at phase 1728 gave a spectrum of F3, in 

1 q=2h42m989, 6= +68°28'27” (1900.0). 

2 Astronomische Nachrichten, 173, 307, 1907. 


3 Astrophysical Journal, 28, 279, 1908. 
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fair agreement with the color-index. Because of the star’s faint- 
ness, the attempt to find a variation in radial velocity with the 
Bruce spectrograph and the 4o-inch refractor was considered 
inconclusive, although the observed range was from —1 km to 
—16 km. 

An examination of the light-curve by Shapley’ has shown that 
the variation cannot be interpreted as the result of the rotation of a 
simple ellipsoidal body. The conclusion that the star is a Cepheid, 
notwithstanding the form and amplitude of its light-curve, is 
verified by the spectroscopic work described below. 

Variations in spectral type from A8 to F5 were recorded in 1916 
on plates made with the 1o-inch photographic telescope at Mount 
Wilson.2 The type of spectrum and the brightness of the spectral 
images (compared with those of neighboring stars) indicated that 
neither the formula by Miiller and Kempf nor its modification by 
Parkhurst then represented the variation in light; but the epoch 
given by Miiller and Kempf with an intermediate value of the 
period, 1494935, was found sufficiently accurate for the work on 
spectral variation. 

A new investigation of the period has now been made, employing 
(1) the observations made at the Potsdam and Yerkes observatories; 
(2) a redetermination of the magnitudes on the objective-prism 
plates of r915 and 1916; and (3) a series of visual estimates on four 
nights in August, 1917. The result has been checked with the 
observations of spectral type mentioned in the preceding paragraph, 
as well as those derived from the slit spectrograms, and with the 
observations of radial velocity given below. ‘The variations in 
light, velocity, and spectrum are all relatively small and gradual, 
making high accuracy for the elements impossible. The following 
formula, however, gives satisfactory phases for all variations: 


Max.=J.D. 2417287.10+1.9495.E, G.M.T. 


- There is some evidence that the period is not constant. 
The spectroscopic observations with the 60-inch telescope are 
given in Table I. The phases have been computed from the 
t Astronomische Nachrichten, 194, 357, 1913. 
? Mt. Wilson Contr., No. 124; Astrophysical Journal, 44, 273, 1916. 
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preceding maximum of the light-curve. Describing the velocity- 
variations in terms of the orbital elements of a spectroscopic 
binary, the following results are obtained from a graphical 
solution: 4 


Epoch of Max. Vel. of Approach=J.D. 2420197 .65, G.M.T. 
Period= 149495 
E— On0 
K=11.0 km/sec. 
V.=—7.0 km/sec. 
@ sin t= 295,000 km 
m3 sin3 4 _ 
(non) =0.0003. 
The epoch of maximum negative velocity precedes the maximum 
of light by of05. The elements are entirely typical of Cepheid 


Days 
—0.5 0.0 Ons +1.0 -+1 


Radial velocity 


Fic 1.—Velocity-curve of SU Cassiopeiae 


variables that have small ranges of velocity and nearly symmetrical 
velocity-curves. In Fig. 1 the observations are plotted along the 
computed velocity-curves. The average deviation is 1.5 km. 
The spectral types determined by Adams from the spectrograms 
made with the 60-inch reflector are given in the last column of 
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Table I. The types derived by Shapley from the plates made 
with the 10-inch refractor are in Table II, with phases based on 


OBSERVATIONS WITH 60-INCH REFLECTOR 


TABLE I 


Plate 


F250 Taneiats 
BOvo ee 
Auiglitce ac 
BoOoumurs 
Sil Omeyere 
Gea. walk 
ROIS, G cur 
O200 5m 


Date 


1914 Feb. 


t916 Oct. 
Dec. 


1913 Nov. 


Mar. 
Novy. 


Nov. 


1917 Sept. 


J.D. and G.M.T. 


2420088 .745 
0165 .692 
0197.075 
O461.915 
1144.943 
I177.821 
1205 .706 
1478 .986 


AwNOnNBONH OO 


Epoch Phase 
1437 ofar 
1476 i528) 
1492 1.93 
1628 1.04 
1978 1.73 
1995 1.47 
2010 Ona 
2150 0.47 


Velocity 


km 


Spectrum 


the new elements. 


illustrated in Fig. 2. 
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The variation of spectrum with magnitude is 


Fic. 2.—Variation of the spectral type of SU Cassiopeiae 


The proper motion of SU Cassiopeiae is mainly parallactic, 
being 0’016 in position-angle 108°. The parallax, according to a 


* Mt. Wilson Contr., No. 124; Astrophysical Journal, 44, 273, 1916. Types 
marked as uncertain in the earlier paper are now omitted, and a typographical error 
is corrected. A new classification of all plates yielded but one correction; for the 


plate on Julian Day 2420841 the spectrum is F3 instead of Fr. 
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recent determination by van Maanen,' is +o0”o10 0.003; the 
spectroscopic parallax is in exact agreement if the visual magnitude 


* TABLE II 


OBSERVATIONS WITH 10-INCH REFRACTOR 


J.D. and G.M.T. | Epoch | Phase | Spectrum J.D. and G.M.T. | Epoch | Phase | Spectrum 

2420841 .836...| 1823 | of80 F3 2420900.727...| 1853 | 1dazx F2 
OSO#- 776 ool pLOhO ie dead F3 CWP owol) Dau Fr 
0804078225.) Tore F4 ogor.685...} 1854 | 0.21 Ag 
0896.711...| 1851 |. 1.09 Fs ogor.694...| “ 0.22 Fo 
0899.622...) 1853 | 0.10 Ag OOQOIN 7025 O23 F2 
OS00,03E=.2| Coyne ie A8 Cer Awl oo 0.24 Fr 
0899.820...| “ 0.30 F2 COOL 7 251 ane 0.25 Fo 
OS00+682 52-5 0.31 Fo CWO "oo al  ~ Oey Fo 
900.722... " I.20 F2 


is taken to be 6.23, as given in the Preliminary General Catalogue. 
With the corresponding value of the distance, the total velocity 
in space with respect to the sun is 10 kilometers a second. 


Mount WILson SOLAR OBSERVATORY 
November 1917 


t Mt. Wilson Contr., No. 136, 1917. 


369 


Contributions from the Mount Wilson Solar Observatory, No. 146 
Reprinted from the Astrophysical Journal, Vol. XLVII, pp. 189-192, 1918 


RADIAL VELOCITY AND ABSOLUTE MAGNITUDE 


COMMENTS ON PROFESSOR PERRINE’S ARTICLE: 
By WALTER S. ADAMS ann GUSTAF STROMBERG 


Professor Perrine has been so kind as to send us the manuscript 
of his article in advance of publication, and it will perhaps aid the 
reader to form a clearer idea of the points at issue if we comment 
briefly upon certain matters involved. The question is primarily 
one of the interpretation of the increase of radial velocity with 
proper motion. Perrine considers this as mainly an effect of 
distance from the sun, while we regard it as dependent principally 
upon the absolute magnitudes of the stars considered. 

In Tables I and II of his article Perrine has divided the stars 
into two groups defined by proper motions less than 0/1 and greater 
than 071, respectively. Within these groups he arranges the stars 
according to apparent magnitude and gives the radial velocities 
along the axes of the ellipsoid. Of the stars in Tables I and II 
he says: ‘‘In the stars of small uw (Table I) the average p is not 
given for the different groups of magnitudes, but it will probably 
not differ very greatly, as the same superior limit was adopted for 
1 Oa In Table II the range of values of u is considerable and 
is taken into account.” As a result of this argument Perrine con- 
cludes that the grouping by apparent magnitude becomes a group- 
ing according to relative absolute magnitude as well. 

To this mode of treatment of the stars in Table I we are obliged 
to object seriously. The dispersion in distance among these stars 
is enormous, much greater than that for the stars in Table II, if 
we assume, as Perrine does, that distance is inversely proportional 
to proper motion. Since B stars are included by him in Table I, 
we may have a range of from 07oo1 to 0’ 100 in the proper motion, 
or a range in distance of 100 to 1 on this basis. It would be more 
correct, in studying the relation of velocity to distance, to assume 

t Astrophysical Journal, 47, 189, 1918. 
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that the stars within the zone of proper motions larger than o/1 
are all at the same distance than to assume this for the more 
distant stars without proof. It is therefore not possible to con- 
clude that the grouping of stars according to apparent magnitude 
in Table I corresponds to a grouping according to absolute 
magnitude. 

A second very natural objection to Perrine’s method of apply- 
ing to the radial velocities of the stars in Table II factors which 
will reduce all the stars to the same proper motion (and dis- 
tance) is the nature of the consequences involved. If a group 
of stars with an average proper motion of 073 has one-half the 
average radial velocity of a group with a proper motion of 076, 
the velocity of a group with proper motion of o”’005 will be far 
less than any average observed radial velocity. It would be 
necessary to assume that the change of velocity with distance is 
greatest near the sun. This involves the remarkable assumption 
that the sun is a singular point in space (at the present time), 
and also it is opposed to Perrine’s hypothesis that cosmical matter 
acts as a resisting medium, since he supposes this matter to lie in 
relatively distant galactic regions. 

In a discussion of our results Perrine concludes that in the two 
groups of stars of types F and G, and K and M, which have the 
largest parallaxes, there is a “small but well-defined progression in 
the mean parallaxes of the groups in the same direction as the 
progression in velocity.” This is quite true, but this progression 
corresponds to an exceedingly small range in distance when com- 
pared with that of the more distant stars. The two groups 
to which he refers have parallaxes larger than 0’05. If velocity 
is inversely proportional to distance within this comparatively 
narrow zone, as Perrine assumes when reducing to the same 
proper motion, we should have a velocity approaching zero at a 
relatively small distance, a conclusion which is contradicted by 
observation. 

Perrine selects from our results only two groups of stars from 
a total of thirteen, since the parallaxes are most reliable in the case 
of the larger values. No doubt the distances of the nearer stars 
are known more accurately, but it is quite inadmissible to neglect 
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the evidence afforded by the stars of small parallax. One of the 
principal advantages of the spectroscopic method of deriving 
parallaxes is that it is independent of their absolute values. Accord- 
ingly the relative determinations of distance, even among the stars 
of smallest parallax, should be entitled to considerable weight. 
We find, however, that the average radial velocity for a group of 
over 200 stars with an average parallax of about 0”o10 is practically 
the same as that for a similar group with a parallax of o”o050 of 
the same absolute magnitude. 

Two other statements by Professor Perrine require a word of 
comment. His reference to Tables V and VI of our previous article 
as indicating increase of radial velocity with increase of parallax 
is due to a misconception of their purpose. Among the very distant 
stars we cannot observe stars of very low absolute magnitude, since 
such stars are apparently too faint. Accordingly Tables V and VI 
naturally show a progression of magnitude with increase of paral- 
lax and radial velocity. The attempt to separate the effect of 
distance from that of absolute magnitude is confined to the previous 
discussion, and the results are contained in Table IV. 

As regards the effect of stream-motion upon our velocities, no 
attempt was made to eliminate it completely from our earlier results. 
There can, however, be no doubt that its influence was reduced 
greatly by our inclusion of velocities at right angles to the line 
of sight, and the confirmatory evidence obtained from these val- 
ues is of considerable importance. An extended investigation of 
stream-motion as related to absolute magnitude has since been 
made by Strémberg.* Its results are in agreement with our pre- 
vious conclusions. 

In general, it may be said that the principal cause of difference 
between Professor Perrine and ourselves is one of point of view. 
We have attempted in our discussion of stellar motions to find a 
fundamental relationship which would apply over the entire range 
of distance and absolute magnitude which has been investigated. 
For the reasons already given it does not seem possible to conclude 
that a law making radial velocity inversely proportional to distance 
from the sun can hold over more than a very limited range. 

«Mt. Wilson Contr., No. 144; Astrophysical Journal, 47, 7, 1918. 
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Outside of a comparatively narrow limit it would give values of 
the radial velocity much too high or too low, unless the law were 
modified greatly. Moreover, such a relationship would assign 
to the sun an extraordinary position in the stellar system, which 
we have no reason for believing that it holds. It is a star of very 
moderate size and mass, and is known to lie at a comparatively 
great distance from the center of the galaxy. It would seem far 
more probable that any relationship between velocity and distance 
would be one in which the latter was measured from some much 
more fundamental reference point than our sun. 


Mount WILson SOLAR OBSERVATORY 
February 1918 
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ON THE PARALLAXES AND MOTION OF THE BRIGHTER 
GALACTIC HELIUM STARS BETWEEN GALACTIC 
LONGITUDES 150° AND 216° 
Ise |, (5 UORUEM MON ING: 

I. INTRODUCTION 


In Mount Wilson Contribution No. 82 an attempt was made to 
derive the individual parallaxes and motions of practically all the 
known helium stars between galactic latitudes 30° and galactic 
longitudes 216°-360°. The present paper aims at a similar deter- 
mination for stars within the same limits of latitude and between 
longitudes 150°—216°. 

As in the earlier publication, the limits in latitude were thus 
chosen in order that the overwhelming majority of the B stars should 
be included in such a way that a tolerable idea of their distribution 
in space could be obtained by projection on a single plane, namely, 
that of the galaxy. The limit at J/=216° forms the boundary 
between the stars of Mount Wilson Contribution No. 82 and those 
now under consideration; that at /=150° has been chosen rather 
arbitrarily. There is at this point some indication of a natural limit 
in the arrangement of the bright helium stars of small proper 
motion (u=0"%016) shown by Plate [IX in Mount Wilson Contribu- 
tion No. 82. Whether later studies confirm this indication or not 
does not matter much, because it is my intention later to extend 
the study of the distribution of the helium stars to the remaining 
galactic longitudes, at least as far as possible. Down to longitude 
IIo provisional investigations already indicate that, here too, 
useful results may be expected. 

The region now to be considered offers far greater difficulties 
than that treated in Mount Wilson Contribution No. 82. These 
are a consequence of the proper motions which, in general, are 

t Research Associate of the Carnegie Institution of Washington, Mount Wilson 
Solar Observatory. 


2A small supplementary group of 8 stars between b= —30° to —42°, J=156° to 
178°, was added for a particular purpose (see Sec. 8). 
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exceptionally small and, superficially, show scarcely any recogniz- 
able regularity in their directions. Under the circumstances it may 
seem a bold undertaking to subject these stars to a treatment which 
in general is applicable only to motions approximately parallel and 
equal. One circumstance, however, proves that below the apparent 
irregularity there must be hidden a real similarity: the radial 
velocities of the stars throughout the region vary relatively little. 
Hence (a) the stars must lie near the antivertex' and (0) the range 
of real velocity must be small. 

Circumstance (a) explains why the proper motions are so small 
and makes large differences in the position angles of the motions 
appear as a necessity; (b) makes it all but certain that the seeming 

irregularities in the proper motions are not greater than might be 

expected among stars moving along approximately parallel lines 
with approximately equal velocities. As a matter of fact, investi- 
gation shows that the proper motions, instead of contradicting the 
conclusions as to the approximate equality of motion derived from 
the radial velocities, prove that the spectroscopic velocities give a 
very inadequate idea as to the degree of this equality. The seeming 
irregularity of the motions is due to the fact that the systematic 
part (stream-motion) is to a great extent obliterated by fore- 
shortening, while the irregular part (peculiar motion) shows as 
strongly as anywhere else. 

As the present investigation furnishes the parallaxes of prac- 
tically all the B stars within the region considered, a map showing 
the positions of the stars in space might have been given, as was 
done for longitudes 216°-360° in Mount Wilson Contribution No. 82. 
I have not done so, in the hope that further investigation will 
furnish data for extending this map to include all of the B stars 
between —30° and +30° of galactic latitude. 


2. THE MATERIALS 


In the main I have used (as in Mount Wilson Contribution 
No. 82) all the B stars in Boss’s catalogue, 168 in all. The spectra 
* The name “antivertex,” in analogy with the name ‘‘antiapex,” is used for the 


point around which the motions converge, whereas the name “vertex” is reserved 
for the divergent. 
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and the magnitudes have been taken from Harvard Annals, 50, the 
proper motions from Boss. Besides these bright stars I had the 
good fortune to be able to include all the faint B and A stars within 


the limits R.A. 5bo™ to 64o™ Dec. —10° to +20° (1) 


for which Miss Cannon has recently determined the spectra. This 
list contains 412 B and 760 A stars, many of them fainter than 
magnitude 9.0, some even fainter than 9.5. 

It is a pleasure to me to extend my warmest thanks both to 
Professor Pickering and to Miss Cannon for their generous help and 
courtesy. In using their results I have had a foretaste of the vast 
possibilities that will be afforded by the completion of the under- 
taking known as the Revised Draper Catalogue. 


3. THE NEBULA-GROUP 


A glance at the lower map of Plate [IX in Mount Wilson Con- 
tribution No. 82 shows that the bright B stars between 5420™ and 
5"40™, on both sides of the equator, are particularly crowded. 
This crowding, however, is shown with perfect distinctness only by 
the Pickering-Cannon stars. Defining the position of the group 
by hour- and parallel-circles we have the limits at 

R.A. 5513™ and 5440™ Dec. —9° and +5° (1900). (2) 
With a more complicated boundary-line we might diminish the 
area by about 20 per cent. 

Within this boundary the Bo-Bs stars are about 12 times and 
the B8—Bo stars about 5.7 times more numerous than in the sur- 
rounding regions. This alone proves, incontestably in my opinion, 
that we have to do with a local group which probably does not 
extend in depth much farther than it does laterally. 

We have still further proof. The bright B stars, the stars of 
our list in Boss’s catalogue within the limits (2), are almost exclu- 
sively of spectral types Bo-B3, whereas outside the group they in- 
clude a considerable number of Bs—Bog stars. Omitting one star 
marked B whose subclass is unknown, I find the following numbers 
of stars: 


Oes-B3 Bs B8-Bo 
WV ita WAITS (2) 0. ane. a a'cewarnax 23 I t\ (py 
Quiside limits (2): cian obese 80 21 41 
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Add to this the facts that, as will presently appear, the radial 
velocities of the Oes—B3 stars are very nearly equal, and conse- 
quently that the component u* of the peculiar motion is exception- 
ally small; that the component 7 of the proper motion, as already 
explained, is not greater than the observational errors—all of which 
proves that the real motions of these stars are very nearly parallel 
and equal, much more so than is the case with the stars outside the 
limits (2); and there can be no doubt that we have to deal with a 
local group, somewhat of the nature of the Pleiades or the Hyades. 
As this local group surrounds the famous Orion Nebula, which very 
probably, though we cannot yet say certainly, forms part of the 
group, I will call it the Nebula-group. 


4. SYSTEMATIC ERROR IN BOSS’S fa AND Us 


I will begin by studying the stars outside the Nebula-group. 
But such a study must of necessity be preceded by an investigation 
of the systematic errors in the proper motions of Boss’s catalogue. 
In the case of proper motions so exceptionally small (a total motion 
as great as 0”o04 is found for only 6 per cent of our stars), such 
errors are of very considerable importance. It will be our aim 
not only to find plausible values for them, but to arrange all our 
calculations in such a way that the residual uncertainty has a 
minimum effect. 

The determination of these errors will be based on the hypothesis 
that the direction of motion of the stars of small proper motion is 
not systematically different from that of the stars whose motions 
are somewhat more considerable. If the systematic motion of the 
B stars is wholly a parallactic displacement, as is generally assumed, 
the hypothesis will be justified. The same will be true if all the 
stars considered have the same stream-motion; only in the case of 
different stream-motions will it fail. To diminish the probability 
of such a state of affairs, and to increase the number of objects on 
which we can base our conclusions, stars in neighboring parts of 
the sky and of different spectra were included in the investigation. 

The method itself I have explained in several places, for example, 
Mount Wilson Contribution No. 82, p. 48. Let p, represent the 

* For the meaning of our notation see Mt. Wilson Contr. No. 82, p. 76. 
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average position angle of the motions of stars of small proper 
motion, p, the same quantity for the stars of large proper motion, 
and suppose the two reduced to the same point of the sky. If 
then #, and #, differ, the difference will be attributed to systematic 
errors in wa and ys. The equation of condition given in Mount 
Wilson Contribution No. 82 supposes that the corrections 5u, and 
dus are small as compared with the motions us and us themselves. 
In the present case, where the proper motions are as a rule so ex- 
ceedingly small, the validity of such a supposition seems doubtful, 
and it will be preferable to use the equation in its rigorous form: 


M2 COS p2— Mr COS prs, _ M2 Sin p2— py Sin pz 
Kiba a Mi1M2 


dus=sin (p.—f:) (3) 


I began with the four regions (A) including most of the stars 
contained in the present paper, with the exception of the Nebula- 
group and its nearest surroundings. 

Group1 /*150° to 165° b—12°to+ 4° 
- 2 2 OC tae 2TO Sf at kof ae oon! 
a PR ae Ot reget poms SC 


“ “ 


4 610 “ 810 “716 “ +10 


(A) 


“ 


In order to increase the weight of the determination somewhat, 
I included not only the B stars, but also the Ao-A3 stars with 
total proper motion below o’100. The spectra Bo-B8 and B8—A3 
were treated separately at first, but as no real difference seemed to 
exist the results were combined. ‘The mean right ascensions and 
declinations of the stars of large and small proper motion were of 
course found to be slightly different. The reduction to the same 
point was made by adopting for the vertex the provisional position 
17548", +o°. The results obtained are given in Table I. 


Substituting in (3) we find Average No. Adopted 
—48.1 bua — 8.66us=+0.078 +17° 38 9 
+29.9 +s50.2 =+0.485 —27 31 6 (4) 
—70.7 —I4.9 =—0.309 —3 17 2 


—39.1 +44.2 =+0.156 —4 38 4 


* The inconsistencyin giving the limits of part of the regionsin galactic longitudeand 
latitude and of the other part in right ascension and declination is due to the later intro- 
duction of the third and fourth regions, which at first were left out of consideration. 
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A solution by least squares leads to 
paper st | (s) 
bus= +0 .0072+0.0024 
With respect to the probable errors (last column of Table I), 
this solution represents the observations satisfactorily. We thus 


TABLE I 


AVERAGE POSITION ANGLE OF 4 


Group a ry 100 ? r Poh pots fae O-C | PE. 


u ° 
1720 | 16270 ey eee +4°s|}— 3°s/+ 820/+ 7°7 


PEON Co 543™) 117° 2.89 | 166.5 7 | 
fx.18 | 256.0] 8.0 | 14 \ 
Qiere tea es 720 | —=27 3.081 a8e.0r dot af +29 |-+21.5|+ 7.5 9.0 


fo.98 | 182.0] 20.0 aa ae’ 


Seat eieees AP ACn aaa 3.28 | 164.0] 13.0 10 f — 6.5|/—11.5| 23.8 


iC.49 P2t8.51995-0 1] Est ++ ..9: |-18.5 


Ze O2N|h22405| MORON m2 ain) — 9.5|/+=16.2 


Total) 124 


find a vanishing correction for the proper motion in right ascension, 
but a considerable one for that in declination. Reasons will be 
found for assuming that the error is greatest between declinations 
—15° and —35°. For these we have, exclusively by the second 
group, putting 6u.=0%000, 

5us=+o0%0097 (Dec. —27°) (6) 


This result, if well established, would be so important that I 
have sought for further evidence. For reasons already given, there 
will be advantages in including stars of neighboring regions and of 
different spectra. The following represents what I have been able 
to find. 

a) Astronomische Nachrichten, 160, 338, 1903.—From Table IV 
of this article we find the results in Table II. The values du, Kapt. 
were obtained on the hypothesis adopted above. There is a very 
serious difference in Zone — 18° to —36° between the proper motions 
from Boss and those obtained by adopting our hypothesis. For 
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the present purpose we derive from Table II: Correction to Boss’s 
Ms, between the limits a=o" to 242, 5=—18° to —36°, 


_ +ol42—(—1"%17) 
* r00 


Outs =+0%o16. (7) 


It is worth remarking that for Auwers’ proper motions the correction 
is small; in fact, does not exceed the limits of its uncertainty. 


TABLE II 
100 Ops 
Zone 
Kapt.— Cape Boss— Cape Auw.—Cape 
On hO iF B28 eens Copeneeent. HE=OCTTC | Histo eo eter ae 
—18 “ —36..| +0%42+0%24 —1.17 +o0%12+0"17 (133) 
—36 “ —54..| —0.22+0.19 —0.27 -+-o.30+0.19 (100) 
—54 “ —72..| -+0.370.22 +0.83 +o0.91+0.26( 57) 


b) Groningen Publications, No. 21, p. 40 (34).—Weersma finds, 
by the principle here used, for Zone 6= — 20° to —40° 


bs Kapt.—ys Newcomb=-+0"0087 (8) 


where ws Kapt. again stands for the proper motion in 6 corrected 
by the foregoing hypothesis.’ By a direct comparison of Newcomb’s 


and Boss’s catalogues between a=4"5 to 885, 6=—5° to —35° I find 
us Newcomb— ps Boss= +0%0033 (34 stars). (9) 

From (8) and (9) 
bus=us Kapt.—ps Boss=+0%0120. (10) 


c) G, K, M stars with proper motions =0"017.—The correction 
(5) depends on a comparison of stars of proper motions <o%o16 
with those having greater motion. If the correction is confirmed 
by stars with proper motions 20017, the probability that we have 
to deal, not with systematic proper motion, but with systematic 
catalogue error, will be enormously increased, especially if we use 
stars of quite different spectra. It is desirable that the investiga- 
tion cover the regions (A); but it is important, first, to increase 
the number of stars by extending these limits, and, second, to 
avoid the neighborhood of the antiapex (6, —34°). I therefore 
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selected the region R.A. 7" to 128, Dec. —15° to —40° and con- 
sidered two classes of stars, 


a) of017 Sp So" 050, b) wZo"070. 


All the Boss stars of spectrum G, K, M, and, further, those of 
unknown spectrum were used. I was thus led to the enormous 
difference: ' 

dus=+0%026 (69 stars) (11) 
No great weight can be attributed to this result, because the values 
of p vary so much that in a few cases there is uncertainty whether 
they ought not to be increased by 360°. 

d) Finally by a direct comparison of Boss’s catalogue with the 
fundamental catalogues of Auwers and Newcomb for the region 
R.A. 4530™ to 8'30™, Dec. —5° to —35° I find 

dus=+o%o015 (33 stars) by Auwers 
=+ .003 (34 stars) by Newcomb eos 
Sus=- +0”002 


Summarizing, we have 


TABLE III 
Equation Limits ous 
B-A3 (second group)...... (6) | 720 to 8%o — 24° to —36° +o%o10 
Allespectrate pee ee ene (7) 0.0)“ 24-0 —18 “ —36 + .016 
Allispectrasy.caske see (10) | 0.0 “ 24.0} —20 “* —4o0 O12 
G, K, M, and unknown....| (11) | 8.0 “ 12.0) -—17 “ —40 (+ .026) 
Auwers, Newcomb......... GO races Say | eG Oa + .002 
BOSS's ass seis dah ovsiteae eee de coll accra ee topes LRT MEN ec one erecta na ©.000 


For stars in the positive declinations of the region under con- 
sideration the position angles p are little affected by a correction 
of us. Moreover, there is every reason to believe that the correc- 
tion is small. For the declinations o° to —20°, the last two equa- 
tions of (4), putting 6u.=0.000, give dus=+o0%0050. Considering 
everything, I finally resolved to adopt the following values: 


8 bus 
—20° to —40° = +0008 
o “ —20 +0.004 (13) 
o * +20 © .000 


384 


PARALLAXES AND MOTION OF HELIUM STARS Ee 


Boss’s proper motions in declination, thus corrected, are given in 
Table XXXIX and have been used in all the discussions. His 
proper motions in right ascension were adopted uncorrected. 


a2 


5. FIRST DETERMINATION OF THE ELEMENTS 


For all the B stars in each of the regions (A) averages were found 
for a, 6, ua, Ms, With the results shown in Table IV. A second 
summary including only stars with proper motions 20"017 is given 
in Table V. 

TABLE IV 


AVERAGES FOR ALL B STARS 


p COMP. 
Ka v a 
GROUP a 8 No. | (Great Ls Vert. | p oss. Vert. 
Circle) (14) Vert. | Vert. (24) 
(14) (24) 
Eee 5546™|+17°0 23 |+070031)/—0%0186|0o%0189] 17095} 172°5| 180° | 152°0 
BE erecta z 7 18 |—27.6] 25 |—0.0129|+0.0094/0.0160} 306.0] 310.5} 305 | 152.4 
Be dete atena ve 4 20 |— 4.7] 12 |+0.0081|—0.0017/0.0083] 102.0] 103.0] 108 | 158.3 
Ae ctor's = 6 47 |— 5.8] 18 |—0.0132/—0.0063/0.0146] 244.0] 251.0) 253 | 163.5 
TABLE V 
AVERAGES For B Stars Havinc « 207017 
~ COMP. 
Group a C) No. p OBS. 
Vert. (14) Vert. (24) 
i a ae 5hs2m +17°2 15 172°6 17620 184° 
230, Se ae 7 19 —27.3 I5 303.4 309.0 302 
a eiete re eaters 417 = 3.1 9 104.3 100.5 III 
A wevene e olersieieye 6 49 a 7, 9 249.0 242.0 245 


If the stars in these regions have the same motion in space, the 
directions defined by the values of » must intersect in a single 
point. This is indeed the case with extreme approximation, the 
position of the antivertex being: 


From Table IV 65 o™, —10°5 


Adopted 64o™, — 10° 
From Table V 557 , —10 | CEse Or nat (14) 


All the directions of Table IV pass this point within a distance of 
about 2°; those of Table V within 2°5. 
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This close convergence to a single point makes the community 
of motion in the four regions highly probable. Assuming this 
coincidence of motion for the moment, I determined the stream- 
velocity from the radial velocities. On account of the scarcity of 
data I extended the regions a little, using the limits: 


Group R.A. 5*1r2™ to 6430", Dec. +10° to +30° 
« 2 « 5 45 “ 7 45 “ — 36 Cee 
“ é “ 4 fo) “ 5 I2 “ — 76 “ +15 
“ 4 “ 5 43 “ 8 Io “ —I19 “ +io0 


(15) 


For the average radial velocities, first applying the constant cor- 
rection —4.3 km (see Mount Wilson Contribution No. 82, p. 28), 
we find the results in Table VI. 


TABLE VI 


RADIAL VELOCITIES 


Group a 6 va (24) No. p—4.3 Vest. GD) O-C P.E. 
km km km km 

Dnaveacts 5>44™ | +18°8 150° 9 | +16.1 | +17.3 | —1.2 | =1.8 
2 hart eieiere 6 390 —29.4 157 9 23.3 | 1024) || 24.0 ILS 
Commarea 4 39 — 1.3 161 9 +14.7 | +18.9 | —4.2 +0.8 
A cies ave orsts 6 42 —10.5 166 II +-21n.9 | --19.4 | --2.5 +1.9 


From this we compute the stream-velocity V by 
V cos A=p, (16) 
in which \ represents the angular distance from the antivertex 
4g ee (17) 


which differs only slightly from (14) and will later be accepted as 
the definitive position. A least-squares solution leads to 


V=20.55km (38 stars). (18) 


Outside the limits (15) there are three stars in our list with known 
radial velocities. Including these, 


V=20.0 +1.5km (41 stars). (19) 
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Finally we compute the average parallax by (see Mount Wilson 
Coniribution No. 82, p. 35) 


v 


=~ are V sind Se 
Adopting (17) and (19) we obtain from the data of Table IV 
T =0%0083=0"0008 (78 stars). (21) 


6. COMMUNITY OF MOTION OF THE FOUR GROUPS 


It was remarked that the intersection of the four lines defined 
by the values of in Tables IV and V is a strong argument in favor 
of the supposition that the four groups have the same motion. 
There are, however, other criteria. If there is community of 
motion, and if we may assume that the values of the mean parallax 
are about the same for the four groups, the values of v in Table IV 
must be proportional to sinX. With vertex (14) the proportion- 
ality, as indicated by Table VII, is not close. It can be greatly 


TABLE VII 
a. O-C 
Group v OBS. pe ee : 
Vert. (14) | Vert. (22) Vert. (24) 
Len ere ese ae = o”o189 olor€4 +o0%0025 +0'0027 +0%0026 
SpeMe ware Sista chess 0.0160 0.0148 +o0.0012 —0o.0026 —0.0014 
See oie teys aioe 0.0083 0.0154 —0.0071 —0.0006 —0.0046 
Aoshi faye Sinceieters 0.0146 0.0079 +0.0067 | --0.0005 +0.0035 


improved by diminishing the right ascension of the antivertex, and 
would be quite satisfactory (see Table VII) if we adopted 


5ai2s, —10° (22) 


instead of (14). This, however, would not satisfy the directions 
of Tables IV and V, and we must accept a compromise between 
the two positions. 

Adopting for each of the four regions the values 


V=20.0 km, 7 =0" 0081, (23) 
the latter of which slightly diverges from (21) but agrees with the 
definitive value adopted later, we can compute for each of the four 
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regions a separate vertex. Table IV furnishes for the centers of 
each of the regions the direction of the antivertex, whereas its 
distance \ can be found from v by (20) and (23). I thus find for 
the antivertices: 


Group a 6 No. Deviation 
TS Seer eee CEG —15°8 23 820 
Dcdortassudhes ke 5 50 — 9.3 25 4.3 
12 We acoraravepene > 5 18 — 7-3 I2 6.9 
Avene ale eis iy Ree —16.0 18 Woe 
Mean... 5a37, Se ee | Mere eee se Are Os ere 


The last column shows the distance of the individual antivertices 
from the mean of all. Taking into account the small number of 
stars from which these antivertices were obtained, and considering 
that the supposed absolute equality of + for the four groups is 
highly improbable, the deviations are not greater than might 
reasonably have been expected. Certainly they afford no sufficient 
reason for doubting the community of motion. 

As the position (14), which rests on the directions in Table IV 
and is thus independent of any supposition as to the equality of 
the values of 7, whereas this supposition is involved in the result 
obtained just now, I will adopt as fimal the intermediate position 
of the antivertex 


° 


S44m Les. (24) 


The values of computed with the aid of (24) have been inserted 

in Tables IV and V. To my regret the computed values of » and 

d given in Table XX XIX have been derived with a slightly differ- 
ent antivertex, viz., 

5 4S eae (25) 

I have not judged it worth while to repeat the computations 


because the two positions probably agree within the uncertainty 
of (24). 


* Further, (24) is probably also to be considered as only provisional. A prelimi- 
nary investigation seems to show that the community of motion extends much beyond 
the limits adopted in the present paper. If this proves to be true, it will be necessary 
later to treat all the stars with common motion as a whole, which will probably change 
the definitive elements a little. 
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7: COMMUNITY OF MOTION, CONTINUED 


A more serious objection to the assumption of community of 
motion is furnished by the radial velocities. If from the data in 
Table VI we compute the stream-velocity V separately for the 
four regions we obtain 


Group I l=157°, V=—18.6+2.1 km No. = 09 
ane 205 25.31 .6 9 
Ne 8 164 —15.6+0.85 9 ee 
a | 186 —22.6+2.0 rr | 


Comparing the results of the second and third groups we find a 
difference of 


9.7+#1.8 km, (27) 


which seems real enough. At all events it becomes necessary to 
examine the matter more closely. 

I first made a brief preliminary investigation for the region 
adjoining those of the present paper on the side of the small galactic 
longitudes (120° to 150°). It turned out that the direction of 
motion here passes very near the point (24), which satisfies the 
directions of all four regions under consideration. For the radial 
velocity there is a decidedly closer approach to the first and third 
regions than to the other two, which lie on the side of greater 
longitudes—see (26)—the part of the sky investigated in Mount 
Wilson Contribution No. 82. It would therefore excite no particular 
surprise if we found the velocity, or even all the elements of motion, 
to diverge somewhat from those of the other regions toward those 
of the region treated in Mount Wilson Contribution No. 82. Asa 
matter of fact, we really find the reverse. Indeed, the observations 
in the second and fourth regions, badly as they are represented in 
radial velocity by the elements (19) and (24), are still much better 
represented by these elements than by those for the higher galactic 
longitudes, namely, 


Vertex, 18'24™, +39°; V=—18.0. (28) 
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The results of the comparison are 


CompuTaATION By O—C 
Group Pp OBS. Mas (19) and (24) (28) (x9) and (24) (28) 
d p ? p ? Pp p Pp 
De dincnae 306° |+23.3] 305° |+18.4] 221° |+17.7| +1° |+4.9 | +85°|+5.6 
Ain nicke sneyes 244 |+21.9] 253 |+19.4) 188 |+15.7/ —9 |+2.5 | +56 |+6.2 


The position angles are therefore not at all represented by (28), 
and the radial velocities markedly worse than by (19). The case 
therefore stands thus: If we accept the reality of the divergence 
of the radial velocity of Group 2, this group can be considered as 
local only, for it stands apart from the stars, both in lower and in 
higher galactic longitudes. If we do this, there is every reason 
for also including the fourth region in the local group, which 
thus becomes extensive enough for a determination of all its 
elements. 

The directions furnished by Table IV for Groups 2 and 4 cut 
each other at an angle of 65°; those for Groups 1 and 3, at an angle 
slightly greater. If therefore we take the points of intersection as 
the antivertices, they must in both cases be considered well deter- 
mined. Both agree almost perfectly with position (14) obtained 
from the four regions together. Accepting these vertices, the 
stream-velocity is obtained by the data of Table VI. I find 


Groups 2and4 V=23.5+1.2 (20 stars) 
“ “ 


I 3. V=i722=7T 2 (18 stars) (29) 
Difference 6.31.7 


The result thus would be that the second and fourth regions 
form a local group whose direction of motion coincides absolutely 
with that of the others but whose velocity is 37 per cent greater. 

Some further criteria may be considered: 

1. A local group can usually be seen as such on an ordinary 
star map. If on the map in Mount Wilson Contribution No. 82 
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(uSo%or16) we exclude the Nebula-group (2) there seems to be 
indicated a group within the limits, approximately, 


1=180° to 216°; b=—30° to +4°, (30) 


which covers Group 2 and the richer part of Group 4. 

2. In a local group we expect the proper motions to be nearly 
equal. The proximity of the antivertex and the minuteness of 
the proper motions, which result in their being strongly influenced 
by observational errors, and finally the fact that, if the group is 
not very condensed, many extraneous stars will be seen projected 
on it, make the criterion less effective in the present case than 
ordinarily. If we call proper motions So’o16 small, then, within 
the limits (30), 61 per cent of the motions are small; outside these 
limits, only 39 per cent. 

3. In local groups we expect to find a distribution of spectra 
differing from that in the rest of the sky. Thus, in the Nebula- 
group we found a strong predominance of the Oes5-—B3 stars (see 
Section 3). Within the limits (30) we find that 77 per cent of all 
the stars are Oes5s—B5;. outside these limits there are 59 per cent. 

4. For the mean parallax of the stars within the limits (30) we 
find, as above, r=0"0076, which scarcely differs from (21) and (23). 

5. For the Nebula-group we shall find further on t=070054. 
Its stream-velocity can scarcely differ from the value in (19). If 
at all different, it seems to be rather smaller. The elements for 
Groups 2 and 4 do not approach those of the Nebula-group more 
than they do those of Groups 1 and 3. 

In conclusion, we cannot deny the possibility of a local group; 
still, in my opinion, the similarity in the direction of the motions 
outweighs all other arguments, so that the probability is not in 
favor of sucha group. The difference (29) of 6.3 km between the 
stream-velocities of Groups 2+4 and 1+3, which is the main argu- 
ment in favor, is indeed almost four times the probable error. But 
such a result is perhaps not so surprising for radial velocities as it 
would be for other quantities, because there must still be numerous 
cases of undiscovered orbital motion. 

In what follows we shall assume that the stream-motions of all 
four groups are the same. The question can probably be settled 
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without difficulty by the fainter stars as soon as the Revised Draper 
Catalogue is published. Even if it should then be proved that there 
really is a local group, our results will be little altered. The paral- 
laxes, and consequently the absolute magnitudes, M, in the main 
will not be altered, and the same, of course, holds for the luminosity- 
curve. The computed values of p also will not change. Only the 
values of the radial velocities will be somewhat different, for instead 
of computing these with (19) we shall have to use (29). 

The average values of the parallax finally adopted are in some 
cases slightly different from the mean in (23), because, first, our four 
groups do not include all the available material, and, secondly, it 
does not seem reasonable to adopt exactly the same value for 
all the partial groups. From the new computation Boss 1401, 
1517, and 1994 were excluded—the first and the last because they 
do not seem to belong to the same system as the rest of the stars 
(as proved by the values of »), and No. 1517 because it has so 
exceptionally large a proper motion. The values thus obtained for 
the groups of different \ are given in Table VIII. For certain 
purposes they have been further contracted into the considerably 
overlapping groups in Table IX. 


TABLE VIII 
» Mean A 7 No. of Stars Weight 
145° to 149°... 147° 00081 26 138 
150 . TSArse 152 0.0075 40 160 
I55 TSO). 157 ©.0107 28 Ti 
OOM igel Omens 162 0.0066 if 209 
TABLE IX 
ON Mean A - No. of Stars Weight 
145° to ToAc ee 150° 00077 66 II 
I50 (dd 154 0.0087 68 9 
152 “ 167 157.5 0.0083 753 4 


From Table VIII, I find, in good agreement with (23), for the 
general average: 


T= -+0%0081+0"%0007 (111 stars). (31) 
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8. INFLUENCE OF SYSTEMATIC ERROR AND SUMMARY OF 
DEFINITIVE ELEMENTS 


On account of the excessive smallness of the proper motions and 
the consequently strong influence of observational errors, it will 
not be deemed superfluous if we try to find the effect of any 
remaining traces of systematic error. For this purpose I made 
new solutions with the data in Tables IV and VI on the supposi- 
tion: (a) that Boss’s values of wu, require a constant correction 
dua=+07%0030; (b) that the values of us in Table XXXIX, that 
is, of Boss’s ws corrected by (13), require a further correction 643;= 
+0%0030; (c) that the correction (13) for us is wholly false, our 
new solution thus, in this case, starting with the uncorrected pu. 
and us of Boss. 

For this special investigation I have disregarded the values of 
the v in the derivation of the vertex and adopted as antivertex the 
point toward which all the directions converge with the greatest 
approximation. I thus found 


Case Antivertex 7 V 


(1) No correction 65 o@ —10°5 010082 20.8 
(2) Correction (a) 612 — 8 0.0080 21.3 
(3) Mg (0) Leh eee as 2 0.0082 20.8 (32) 
(4) “5 (c) 552 —16 0.0076 20.55 


In every case the four directions of Table IV intersect nearly at a 
single point. This is most perfectly realized in the cases (1) and (2), 
where none of the directions deviate from the adopted antivertex 
more than 2°. In cases (3) and (4) the greatest distance is 4° or 4°5. 

In view of these results I think we may conclude that, as a 
consequence of the remaining systematic errors and the considera- 
tion of the values of v in Section 6, it is not impossible that there 
may still be an error of 3° or 4° in the position of the antivertex, 
but that the resulting uncertainties in V and 7 must be negligible. 

This freedom of V from systematic error is due to the fact that 
the region as a whole is so near the antivertex, and to the further 
fact that the four separate regions lie fairly symmetrically around 
the antivertex. As for a, its freedom from systematic error is 
wholly attributable to this last circumstance. It was this con- 
sideration which in great part led to our choice of the four regions 
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and compelled us to introduce a supplementary group outside the 
limit at galactic latitude —30°. 

The danger from the systematic errors being thus in great 
measure avoided, there is every reason to accept the probable errors 
as a measure of the accuracy obtained. Collecting results, we have 
as definitive elements: 

Vertex 17544™, +11° (uncertainty +3° or +4°) 
V=—20.0+1.5 km (P.E.) (33) 


mT =0"%0081+0"0007 (P.E.) 


This will not prevent the adoption for a of the separate values of 
Table IX. It is a very significant fact, to which I hope to revert 
in a later publication, that this vertex coincides so nearly with that 
of the first stream of all the non-helium stars, for which Eddington 
in Monthly Notices, 71, 42, 1910, finds 1853™, +14°6. 


Q. OBSERVED DISTRIBUTION OF THE VALUES OF vu 


Now that a good estimate of the average 7 has been obtained, 
we have to find the range in distance. It would be most desirable 
to determine the individual parallax of each star, but as this is not 
feasible, we will try to derive mean parallaxes for stars having 
given values of \ and v and, further, the probable deviation of the 
individual parallaxes from this mean. The amount of this devia- 
tion as a fraction of the parallax will determine the confidence with 
which we may use the mean parallax as a substitute for the indi- 
vidual parallaxes. 

I will begin with the consideration of certain necessary data: 
first of all, with an examination of the distribution of the values of 
v for different values of \. By countings in Table XXXIX, 
omitting stars within 15° of the antivertex and excluding Boss 1517, 
I find the data in Table X. 

The number of stars being so small, pains have been taken to 
smooth thoroughly the results. We first contract the data into three 
partially overlapping zones: 


A oN v No. 
145° to 154° 150 of 0164 66 
150° S260 154 0.0161 68 (34) 
152)" 367 157-5 0.0135 753 
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Even so, it is not easy to arrive at an entirely satisfactory result. 
The difficulty would be greatly reduced if we knew the form of the 
frequency curve for the v. If there were no observational errors, 


* TABLE X 


DISTRIBUTION OF THE VALUES OF v 


rN 
I0o v Totals 
145°-149° | r50°151° | 152°-154° | 155°-159° | 160°-164° | 165°-167° 
GcOLbOl Pe 7eONel acco ne | FR bees one |i. cl ice on ee octane oa I 
. i 
EO. | (PR o era RE ceeIMIrN Sete Cae ness HERE Ar Some cia aa ran aalis Gases carson aw 
ZtOt ty SsO co. Ten dicen ce SO Beles hee ae al na i 3 
“ 1 vl 
320 c AiOn% 53 2 I re Dn Wdltosteacee 105 
2.0 BO wis 65 5 4 83 Tes 4 cterreesorne 25 
EeGiee— Ons 6 35 9 iz 4 2 26 
em VECO) 5 24 7 9 7 4 31 
(aps 9 Pen a 2 13 13 I 4 24 124 
a “ 1 Be a ve 
LO RMON reer ees ee eered |G: eo GIGS BL taco e sk yall Leta D 
Re no ne |e sel iy aa I PE eth Ae IA RR 13 
Mbotalswecta 26 ne 24% 28 17 6 I17 


such a form could be assigned, at least if we assumed—on grounds 
presently to be given—that the values of u (component of linear 
peculiar motion) are distributed according to an error-curve. For 
it follows from formula (20) that, for any definite value of 7z, 


7T=0.212vV sinX (35) 


with individual deviations following an error-curve having the 


probable error 
Ty= +O.21277%y, 


where 7, is a constant for which later will be found the value 
1.67 km. The deviations of v are thus seen to be proportional 
to v. From the theory developed elsewhere’ it follows that the 
values of v, for the same. value of X, will be distributed according 
to the formula 

Prob, Vb o¥ =. Mod. inttog vy, (a) 

v V0 v 

that is, the values log v will be distributed according to an error- 
curve. 


> 


1 Skew Frequency Curves in Biology and Statistics, Noordhoff (Groningen), 1903, 
per 
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This, however, holds only in the absence of observational errors. 
Since these follow an error-curve, the distribution of the observed 
values of v will be something between (a) and an ordinary error- 
curve. In particular the real curve, unlike (a), will yield certain 
frequencies for negative values of v. 

Now we obtain an intermediate curve if in (a) we substitute 
u+K (K being a constant) for v. The formula then becomes 


Prob. aay = : wee hls (V+K)—MP§y, (b) 
which implies that the distribution of log (v+-K) follows an error- 
curve. 

Led by these considerations I have tried to learn whether it is 
possible to determine the three constants in (6) in such a way that 
the observed frequencies are well represented. ‘This being really 
the case, I have considered the best representation by (0) as that 
to be adopted. The derivation of the best-fitting values of h, K, 
M is very easy. It is to be recommended that this be made in 
such a way that the arithmetical mean values v in (34) are perfectly 


represented. ‘This gives as a first condition between the constants 
I 


log AIO ar aentade (36) 


The values obtained are as follows: 


a I50° 154° 157°5 


h 9.347 15.274 6.280 
K 0.0608 0.1095 0.0451 (37) 
M wl se LOC — 0.9033 = 2404 


These being substituted in (5), we find by integration (which offers 
no difficulty) the values in the second, fifth, and eighth columns of 
Table XI. Those in the other columns will be explained in Sec- 
tion 13. 


IO. OBSERVED DISTRIBUTION OF THE VALUES OF 7 


In order to increase the reliability of the conclusions, I have con- 
fined myself to the stars for which the probable error of r does not 
exceed o%0069. The number of stars is thus somewhat diminished, 


Skew Curves, art. 18, p. 34. 
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but this is not so material here, because stars at arbitrarily different 
distances from the vertex can be combined. Boss in his catalogue 
gives the probable error of 100 uw, and 100 ws. The mean of the two 
was combined to represent 100 times the probable error of the 


TABLE XI 


DISTRIBUTION OF THE VALUES OF vu 


(Theoretical Values are for ry= + 2.5) 


A=150° A=154° A=157°5s 
N = 

Obs. Theor. O-—C Obs. Theor. O-—C Obs. Theor. | O—C 
Phin oos 0.4 0.1 On 0.3 yitey | ae gat 0.9 —On2 
10.055 ous 0.5 0.0 | 0.5 0.4 | to.r}] 0.7 0.7 0.0 
tase 0.9 0.9 OG. LONG yy | SEC, i aisn 1.0 | +o.1 
agg ee ORS Eey|e—Osk |e iO 1.4 | +o.2] 1.6 1.6 0.0 
ee 26 2.8 —6.2 2H 28 —-OwA in e255 2.4 -+o.1 
oe at AxS-sp==023 1.44 B:G- VteO 5a e550 3.4 -| 0.2 
eee 6.1 6:2 —o.1 | 6.5 5.9 | +o0.6] 5.1 4.8 | +0.3 
ae 7.9 8:3 | —0.4 | 8.4 8.1 | +0.3]| 6.8 6.6 | +0.2 
pet 9.2 9.8 —0.6 | -9.9 10.0 Cet ll ale 8.8 One 
eae ce I0.0 One etOue 10.8 —0,6 | 10.0 10.7 —On7 
ae 9.2 8.8 +0.4 9.0 9.8 —0.8 | 10.5 eats — 1710 
“FO.005 6.7 653 +o0.4 On7 Fae —On7 Qa Os —On5 
oi hae gate 2:6 +0.5 | -4.2 4.4 —0.2 Shoe ifort +o.2 
ed 1.8 1.6 | +0.2 a 2.0 | +o.1] 4.5 3.8 ee 
ae et 0.8 ies) eS 0.4 

—0.015 Onz 0.0 1.0 +o.1 ay 
apities o.1 a 0.3) ons 0.6 Oni 
OtaAlwNOG.OM |OSNG) Nee cmecs Gee OEE Hesacoos ists 715° Omen | aoaeaeene 


proper motion in any co-ordinate, hence also of 1007. This is 
given in Table XX XIX under the heading 100 7. I have further 
disregarded the stars within 20° of the adopted antivertex (24), 
which excludes the Nebula-group. The results of the countings 
are given in Table XII. 


TABLE XII 

NUMBER OF VALUES OF T 
Observed Observed 
T Number T Number 
<t— OF ODS wk aeisieetehe 0.5 —-OOO5) LO — =m OLOweeeta the 9.0 
—0’020 to —07025........ 0.5 So OLO ne OLG seat 8.5 
BE eg O20 eh cots 2.0 4 OLE ee O20. na vate 1.0 
EB GOTO sm —E HOLS ere tiene = 8.5 +6 ,070.“ =£6.025:..ccee8 0.0 
=—0,005)° = .Of0iss02.%. 125 BS ROey iy = baGouanar I.0 
NOOO US = 2), OO Share arcane 12.0 ee 
FOOO mw t= OOS ste gis ects Tas Ota Poise wen ces 72.0 
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The numbers fit very well an error-curve with the probable 
error +07oo61. 


II. PROBABLE AMOUNT OF 7, AND DISTRIBUTION OF THE 
COMPONENTS OF THE PECULIAR MOTION 


Let « and f represent the components of the linear peculiar 
motion at right angles to the line of sight, one toward the antivertex, 
the other at right angles thereto; « and ¢ subtend the angles v andr; 
a and ¢ will denote the average values, all taken positively. 

Since we suppose the directions of the peculiar motions to be 
distributed at random, 


u=t=average peculiar radial motion. (38) 


This peculiar radial motion is the radial motion freed from stream- 
motion. We thus have to find’ 


Observed radial motion=—V cos X, (39) 


V and X being in accordance with (33). The average of these 
values, all taken positively, will be w=¢. Outside the Nebula- 
region there are 45 stars for which we have radial velocities. Of 
these, I exclude Boss 1761, 1817, 1935. The velocity of the first 
rests on measures of the bright H line, a determination, there is 
reason to think, not quite comparable with the others. The second 
is a spectroscopic binary; the velocity of the center of mass is a 
simple estimate which may prove to be largely in error. The 
velocity of the third is quite abnormal. Unless a spectroscopic 
binary, the star cannot belong to the same system as the other stars. 
For the remaining 42 stars 


u=5.78 km. (40) 
Treating the stars of region (30) as a separate local group, this 


becomes 5.36. In Mount Wilson Contribution No. 82, p. 28, the 
corresponding value was found to be 


u=3.5km (61 full-weight stars) (41) 

*¢ is the quantity for which in Mount Wilson Contribution No. 82 was used the 
somewhat less obvious notation ». 

? The correction —4.3 km is first to be applied to the observed radial velocities. 
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Since the values of @ depend partly on real peculiar motions 
and partly on observational errors, either one or the other or both 
of these factors must be greater now than in the earlier investi- 
gation. f 

The following considerations show that the difference is due to 
both causes. First, all results were included in (40), whereas in (41) 
the less reliable values were either excluded or admitted with 
diminished weight; secondly, (41) rests exclusively on Lick Obser- 
vatory results, which do not include stars whose spectra are not 
susceptible of at least fairly good measurement, whereas the Mount 
Wilson observations, upon which (40) is partly based, include all 
objects on the original program, irrespective of their difficulty. If, 
to secure homogeneity, we limit ourselves to the values obtained 
by the Lick observers, and if further we exclude all values marked 
as uncertain, or given without any decimal, or as the estimated 
velocity of a spectroscopic binary, we find 


u=4.24 km 1,==3.6km (16 stars) (42) 


We thus approach the value (41), but the number of stars has 
become so small that little reliance can be put on the result. 

Fortunately we can derive a much more reliable value in another 
way; but this requires a knowledge of the parallaxes, so that we 
shall have to anticipate to some extent results obtained later. 
With known parallaxes we can transform the 7 components into 


linear motions by 
* 


= (¢ in km per second) (43) 
0.2127 

In order to exclude completely the Nebula-group I use only 
stars for which A<160°. Since for objects of small parallax obser- 
vational errors in t appear much magnified in ¢, I include only 
stars for which r20"%0070. Finally, I exclude Boss 1517, for 
which the parallax is exceptionally large and uncertain.t For com- 
parison the same computation was made for the stars in Mount 
Wilson Contribution No. 82. In this I avoided practically all 

t The value of 7, consequently of #, is quite normal for this star. Stars in our 


tables considered as not belonging to the system were, of course, also omitted; only 
one object, Boss 1944, was excluded on this account. 
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exceptional cases by limiting myself to the stars for which AS 120° 
and galactic longitude <320°, and I tried to improve the results 
by omitting badly observed stars for which 100 7 >0780. 

Before deriving averages I tried to find the frequency-curve of 
t freed from observational error. For the observed values’ the dis- 
tribution is at once given by counts, but we cannot hope to pass 
with any precision to the distribution of the true values as long as 
the observational errors predominate in the observed values of r. 
This is the case if we treat all the stars, but it is no longer so if we 
confine ourselves to the best observed stars, those for which 
100 rSo"4o0. By this limitation the number of available objects 
becomes small, so that a very reliable result is not to be expected, 
but as a roughly approximate determination is to be preferred to 
none at all, or to a mere supposition, I do not hesitate to communi- 
cate my results. 

We may safely assume, I think, that the frequency-curves, both 
of the observed and of the true values of ¢, are symmetrical. On 
this assumption we find, by counting, for the stars having 100 rS 
o”ao, the results in Table XIIJ. For both the Orion and the 
Scorpius-Centaurus region the observed distributions differ little 
from the normal error-law, as appears if we compare them with 
curves having probable errors of 2.32 and 1.83 km, respectively 
(third and sixth columns of Table XIII). The residuals show little 
that is systematic; they are mostly of different sign for the two 
regions. We thus conclude that the observed values of ¢ are dis- 
tributed closely in accordance with the error-law. 

For the stars of other types, in particular for those of type K, 
there appears to be a deviation from this law in the direction of 
an excess of large motions.?, We do not find much evidence of such 
an excess here, especially if we consider that the one star in the 
Scorpius-Centaurus region with a large value of ¢, namely, Boss 
3115, has a very abnormal radial velocity. Should this be con- 
firmed by later observations, the star should be excluded from the 


group. 


* By observed values of t, I mean the values computed by (43) with the aid of 
the observed values of T. 


2 Proc. Nat. Acad. Sci., 1, 17-18, 1915. 
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Admitting, therefore, a distribution of the observed values of ¢ 
according to the law of error, we should infer at once a similar 
distribution of the true values, could we assume that the obser- 
vational errors affecting ¢ also followed that law. Now this is 


TABLE XIII 


DISTRIBUTION OF fobs. (100 r $0" 40) 


ORION ScorPrus-CENTAURUS 
fobs. Normal Ni 1 
rm, 
No. ney. O-C No. peace o O-C 
10 =rkM sy... 9 6.4 +2.6 6 Gis it 
= Su het eee 6 6.0 0.90 Wholly 6.3 1.2 
SoC ea 4 5.0 —I.0 6 4.8 +1.2 
+3 . aay. Ss Ba eae I 3.8 —2.8 Bas 3.2 +0.3 
AT a cate Bee cca valle 2 2=7 =027 I EQ, —07,.0 
OT ee 3 1.9 SR Ul bees etc 0.9 
SES ig ete te ny as I a takes OsON aimee eras 0.4 Sirs 
Sd hoon We ges eae 0.5 0.6 — Ow lig | a nccteae. One ei 
sce Serene Tas 0.6 0.0 I O.1 
BDOLRIS epeovey terete 28 oor. Ale pode 25 DEO mie sesorecyets 


certainly not rigorously the case. We may assume that the obser- 
vational errors of r—consequently, by (43), those of t—follow the 
error-law for stars of the same +. For different values of 7, how- 
ever, the probable value of the observational error in ¢ will be quite 
different; in fact, inversely proportional to 7. Nevertheless, I 
convinced myself that the observational errors in ¢ follow the error- 
law with sufficient approximation for our present purpose, and that 
the corresponding probable error is + 1.47 km for the Orion region 
and 1.50 km for the Scorpius-Centaurus stars. Consequently, 
the distribution of the true values of ¢ must also follow approxi- 
mately the error-law, and the probable value 7, which equals r, 
will be 


=fy= +V 2.32—1.477= £1.80 (28 stars) Orion region } a 
1 =Ty= =V 1.837—1.452= £1.12 (25 stars) Scorpius-Centaurus a 
The smallness of these values is the most surprising and promis- 


ing fact brought to light by the present investigation. The B stars 
of Mount Wilson Contribution No. 82 with those of the present 
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paper comprise about 65 per cent of all the B stars. With a value 
of r, as small as those just found, the determination of accurate 
parallaxes of all these stars becomes merely a question of securing 
more accurate proper motions, which is only a matter of time; and 
with the powerful aid of photography the interval need not be so 
very long. 

Further, preliminary investigation has shown that a similar 
parallelism exists for the B stars in the Perseus region and that at 
least a good part of the A stars share in the motion of the helium 
stars.! It thus seems not unlikely that further investigation by 
these methods will give good determinations of the parallaxes of all 
the B stars and of a large number of the A stars. 

For the later types the beautiful method proposed by Adams 
and Kohlschiitter? and developed in detail by Adams? has recently 
opened the prospect of extensive determination of parallax by 
spectroscopic means. All this awakens the hope that we are at 
last on the way toward a wholesale determination of the third 
co-ordinate—distance—the lack of which has been the main obstacle 
in the way of substantial knowledge of the structure of the stellar 
system. 

The extreme importance of the matter makes it desirable 
to obtain for the B stars the most reliable values of the 
parallax possible. I therefore give another solution for 7, in 
which the stars less satisfactorily observed are not altogether 
neglected. 

For the Scorpius-Centaurus region all the stars were used, what- 
ever their parallaxes; for the Orion region the stars with parallaxes 
<ooo7o were neglected, because it was feared that the remaining 
errors in the very small parallaxes would influence too greatly the 
values for ¢ obtained by (43). For the first region the stars were 
subdivided into six groups,‘ the limits of the parallax being respec- 
tively: 1007 $0749; 0750-0"69; 0770-0"86; 0787-104; 1%05-1"273 
1728-224. For the Orion region the limits were the same, but 

t Trans. Internat. Solar Union, 3, 220, 191. 

2 Mt. Wilson Contr., No. 89; Astrophysical Journal, 40, 385, 1914. 

3 Mt. Wilson Comm., Nos. 23-25; Proc. Nat. Acad. Sci., 2, 143, 147, 152, 1916, 

‘In Table XV the first two had to be combined. 
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the first two groups are wanting. The first four columns of Tables 
XIV and XV contain, respectively, the averages of 1007, 1007, 
too r, and of ¢ computed from 7 and z by (43). The fifth column 
contains the probable amount of 1oor freed from observational 


TABLE XIV 


AVERAGE VALUES OF #, ETC. 


ORION REGION ScoRPIUS-CENTAURUS REGION 
1007 | 100 T toor| ¢ | x00 7 | r; | No. toom | 1007 | 1007 id 100 7, rt No. 
| | | (0%32)| (0%61)| (0”62)| (7.66)} (0%000)} (0.0) | (8) 
- ‘ ‘ | ©. 62) FOL 4A OnG5)| 3432 |OnCOOllO.O1 nd: 
0°77/0"62 0% 48 3.700% 21011 .3 20) 0278 |,Ovs7 50.520 | 93-50) O7 000) 020) ro 
0.94|1.04 0.50 5 1710-07713.4. 1) 23 40.00 | O.OL 4) O.46)| 42020. 16 74lm Or OM ELO: 
I.1310.55 |0.58 [2.320.0000.0 | 21 | 1.15] 0.76] 0.50} 3.11 | 0.403] 1.65] 20 
1.520.83 0.44 2.880.5461.7 LZ PL 5 ON OnOs Ons Ome 255) Ons 7 Onl mek atin moe 
Pe oe i 
1.040. 7610. 526/3.630.3701.68) 77 | 1.07 | 0.662) 0.529] 3.07 | 0.181 | 0.80] gt 
| |r -64! 0.79 
TABLE XV 
SAME AS TABLE XIV BuT FoR 100 rSo’4o 
OrI0N REGION ScorPius-CENTAURUS REGION 
1oom| 1007 | toor | ¢ | 1007, r, | No.| toom toot | r00r t 100 fr, ry |No. 
| | O145 | 0733 0-35 |) 2240 | 07000) || 0.0 2 
077710758 jo735 3.62107343|2.1 | 10 | 0.79 | 0.28 | 0.31 | 1.72 | 0.000 | 0.0 5 
0.91/0.50 0.26 2.400.3321.7 | 5 | 0.96 | 0.30 | 0.32 | 1.45 | 0.000 | 0.0 8 
I.1210.32 0.33 |1.35| neg.|0.0 } 6 | 1.13 | 0.53 | 0.32 | 2.22 | 0.314 | 1.3 6 
I.57\0.87 0.31 2.900.666\2.0 | 7 | 1.89 | 1.45 | 0.37 | 4.02 | 1.168 | 2.9 4 


1.070. 58210.321 2.740.3731.64| 28 | 1.07 | 0.538] 0.329) 2.18 | 0.314 | 1.38 | 25 
| | Tehs °.78 


error, as follows: Admitting that the values of 7 are distributed 
substantially according to an error-curve (see Table XII) the prob- 
able amount 100 7, corresponding to 100 7 was found by multiplying 
the average amount by the factor 0.845. Freed from observational 
error we therefore evidently have 


100 7;= 100V (0.845 T)?—7*. (45) 
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In a few cases, the quantity under the radical being negative, 7, 
was assumed to be zero. With the aid of 7, we find the probable 
amount, r;=7, of ¢, freed from observational error by 


Vr 


= ; (46) 
One Zn 


Yt 


which evidently follows from (43). These quantities are given in 
the sixth column. In the seventh are the numbers of stars included 
in each average. The last line of each table shows the total aver- 
ages; for 7, two values are given, the first, from the total averages 
of r, and a by (46), the second, from the separately computed 
values of 7, with weights proportional to the number of stars. 
Except for the last value in Table XV, the agreement is almost 
exact; I adopt the means. 

Supplementing these results with those obtained by the same 
method when we limit ourselves still more closely to the best- 
observed stars, we have the following values for 7,=7,: 


OrIoN Scorprus-CENTAURUS 
10oor Reference rt No. oor Reference r No. 
Re km km 
All values..| Table XIV 1.66 77 So%80..| Table XIV 0.80 gl 
SOmAOner (ad 1.80 28 So.4o0..| (44 T.n2 25 
0440 ....| Table XV 1.60 28 So7’40..| Table XV 1.08 25 
SS OuSO Maret la creco nie ee I.56 9 SOU are cena O.75 7 


from which finally the adopted values 


Orion region Y,= +£1.67 km 
Scorpius-Centaurus region r,= 1.00 km (47) 


I2. REMARKS 


Remark 1.—It has been implicitly assumed in what precedes 
that the errors in the parallaxes do not sensibly influence the results 
for r,. I have convinced myself that such is really the case. 

Remark 2.—The accuracy of the determination of r, certainly 
is still of a rather low order. I have refrained from computing 
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probable errors, because the data are hardly adequate for a good 
determination. It is easy to obtain an upper limit for 7, by 
neglecting the observational errors altogether. From Table XV 
we find, since 7,=0.8451,~ 


Upper limit for ry Ce oe = ex oe 48) 


Scorpius-Centaurus region= +1.8 km 


With these numbers before us it cannot be doubted that the real 
values of r, do not materially exceed the adopted values (47); the 
chances are that the latter are somewhat too high. 

In consideration of the remaining uncertainty, however, I have 
carried through the computations that follow on the two extreme 


suppositions 
f4=+2.5 km and 7,=6.0 km. (49) 


This will make a subsequent correction easy, if we find means of 
improving our values by the addition of well-observed fainter stars, 
by the inclusion of later observations, or by the discovery that the 
A stars for the region under consideration show the same motions, 
etc. For the present we shall definitely adopt the parallaxes cor- 
responding to the first of (47); these will be obtained by inter- 
polating between the two solutions based on (49). 

Remark 3.—The value now derived for the Scorpius-Centaurus 
region is considerably smaller than r,==+2.1 found in Mount 
Wilson Contribution No. 82, where fortunately it does not play 
nearly as conspicuous a part as it will here. This was obtained in 
a less direct way. As far as I can see, there are two causes for the 
divergence, both of which tend to give too large a value: First, in 
Mount Wilson Contribution No. 82, all stars for which the probable 
error of the position angle of the proper motion, due to observa- 
tional error, exceeds 10°, have been omitted. It can be shown that 
a small systematic efror was thus introduced, the effect of which 
is an increase in the value for 7, Secondly, in that same paper 
there was no limitation to stars below galactic longitude 320°. The 
consequence must be the introduction of a relatively larger number 
of stars not belonging to the group. Avoiding the first source of 
error by not limiting the values of 7, and excluding only the four 
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extreme values, I find by the method of Mount Wilson Contribu- 
tion No. 82, 74= 1.3 km (135 stars), which is in fairly good agree- 
ment with (47). By eliminating the second source of error as well, 
we should no doubt find the agreement quite satisfactory. 

Remark 4.—The value (42) obtained from the best radial 
velocities gives for the probable amount of uw, including errors of 
observation, +3.6km. Since we adopt 7,=1.67 km, the probable 
observational error of the radial velocities is +3.2 km. For the 
Scorpius-Centaurus region the corresponding quantity is +2.8 km. 


13. RANGE IN DISTANCE OR PARALLAX AS A FUNCTION OF dX AND v 


The principle of the method followed is in the main that given 
by Eddington,? but the divergence from his treatment is sufficiently 
important to make a full explanation necessary. The parallaxes are 
derived from a comparison of the observed distribution of the v 
(given in Section 10) with the theoretical distribution obtained 
from the known distribution of w given in the preceding section. 

We have (see Mount Wilson Contribution No. 82, p. 35) 


v=0.212 7(V sin A+), (50) 


vand 7m being expressed in seconds of arc, V and uw in km per second. 
Now, according to the preceding section, u is distributed about the 
central value w=o in a normal error-curve having a probable 
error r,. Therefore, if we consider only stars for which 7 and X 
are practically constant, v will be distributed according to a normal 
curve about the central value 


v=0.2127V sind (51) 


with a probable error 
Ty=+0.21277y. (52) 


This, however, supposes that we disregard the observational 
errors. In the present case, where the proper motions are so very 
small, this is by no means permissible. But as the observational 
errors presumably are also distributed in a normal curve, the 


t If we do not exclude these, the value of r becomes still smaller. 
* Stellar Movements and the Structure of the Universe, p. 218. 
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observed values of v will have a similar distribution about the cen- 
tral value (51), only, instead of (52) we shall have to use 


ry= + (0.212 Thy) +r (53) 


where 7 is the probable observational error of a component of the 
proper motion in Boss’s catalogue. I have used 


r=0'0056 (54) 


which is the mean of the probable errors of the motions in a and 6, 
as given for all our stars in Boss’s catalogue. Hence, finally, 


ry=+V (0.212 Ty)?+0 .00567. (55) 


The computations were first carried through with the first. 
value of (49), namely, 
Tye? .5. (56) 


Table XVI gives the theoretical distribution for v derived in accord- 

ance with (51) and(55) for A\=150°, V=20.0 km,‘ on the supposition 

that the constant parallax has, successively, the values o%oor5, 
TABLE XVI 


DISTRIBUTION OF v (A=150°, ry=+2.5) 


o”oo1s | o”0045 | 0% 0075 | ov0105 | OF0r35 | ofo165 | ofo195 | of%0225} 
| 


” ©.000 | 0.000 | 0.000 | 0.003 | 0.025 | 0.097 | 0.216 | 0.355 
+010550.....-- .000 .000 . 000 .006 .031 .069 .092 .098 
Cae cay ones -000 | .000 | .002]| .017| .056] .092]| .108] .102 
“ye, Spel Fel | .000 | .000| .007 | .039 | .087 | .114 | .114 | .099 
SC ac ea ess, || opr) sore || sey7A || tue i) re) | seen || eS 
FOS 5 Orta) ane Fase O10 053 Bla? .142 RELS . 101 2075 
©OZ00 seers 004 031 .102 -152 .146 114 084 O61 
0250..-+-+-- .O17 .079 .159 .170 .134 .092 004, 044 
CPR eo a0 oe .058 .150 191 BLS 105 .069 | .045 031 
OT$O-- sss .129 . 206 .183 .120 .072 045 .029 .020 
CEO teisyer siete 206 Pie .140 ROW .044 -O27 Oy .O13 
+0.0050....... 234) -103 |) 083 1) -040 |) 2023 1" .eTA | Oro 007 
ernst tire" 186 | .092 | .039 | .o19 | .orr | .006 | .005 | .004 
= OROOSO ie cases “107 039 .O15 007 .004 | .004 | .003 | .002 
=O SOLOOE ety cle. 


0.058 | 0.015 | 0.005 | 0.003 | 0.002 | 0.00% | 0.001 | 0.001 


t In accordance with the definitive elements (33). 
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00045, 00075, o”0I05, . . . . 010225." As a matter of fact, the 
computation was made for all the following values of 7: 0%0005, 
o”0015, 0%0025, . . . . 0”0235, and the totals in Table XVIII are 
the values obtained by this more elaborate computation. Indeed 
it is only in order to avoid typographical difficulties that the abridg- 
ment has been made. The abridged calculation is hardly less 
accurate, however, as will be seen if, in Table XVIII, the totals are 
formed for each line. Multiplied by 3, these differ but little from 
the totals obtained by the more elaborate computation. 

Fig. 1 gives a comparison of the observed (see Table XI for 
h=150) and theoretical distribution of v for t=o%0077, which, 


—0.020 —0.0I0 0.000 +0.010 0.020 O°. 030 0.040 0.050 0.060 


Fic. 1.—Distribution of the values of v for A\=150° 


Observation 
— — — — Theory, constant parallax, t=o%0081 
wens eeeeeeee renee Definitive theory, interpolation from Tables XI and XXII 


according to Table IX, is the mean parallax of the stars at N\=150°. 
It shows clearly that the observations are not represented at all. 
We conclude that the assumption of a constant 7 for all the stars 
must be abandoned. The deficiency of the theoretical curve in 
large values of v can evidently be remedied only by the addition 
of stars having larger parallaxes, while the deficiency in small 
values of v calls for stars of smaller parallax. Let us suppose, 
therefore, that there are (in fractions of, the whole) x, stars of 


* Stated as a formula, the tabulated quantity is 


H(v2—0.212 7V sin A) 
E 
Prob. uz to al e— dz 
3.141 
H 


(v:—0. 212 TV sin A) 


where H =0.4769/rv and rv has the value given by (55). 
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parallax o%0005; m,; stars of parallax o”oo15, etc. We must find 
m for different values of the parallax, that is, we must determine 
n= (7) in such a way that the mixture of all these stars gives a 
distribution for v agreeing with the observed distribution.* 

Thus we might imagine each column of Table XVI to be mul- 
tiplied by an indeterminate factor and then find the numerical 
values of these factors by equating the sums of the several horizon- 
tal lines to the corresponding numbers of the observed distribution. 
For instance, the sixth line of Table XVI, compared with the 
observed number from Table XI, would give: 


© .OOI Mis-+0 .O10 Mys-+ 0 .053 Mrst+ 2.2 +0.075 Mins=L° = 0.061. 


We could thus determine all the constants, provided they were 
not more numerous than the equations of condition; but the solu- 
tion would be neither complete—on account of the restricted num- 
ber of constants—nor satisfactory. There are conditions which 
certainly, or at least very probably, must be satisfied if the solution 
is to be acceptable. As such we may specify: 


g(o)=0 p(%)=o 
(7) shall have but one maximum and vary continuously; (B) 
7 = known value? 


I therefore proceeded somewhat differently. Starting from a first 
approximation for (7), which satisfies the conditions (B), I com- 
puted the theoretical distribution. The divergences of this from 


1 Put in the form of an integral equation: if ¥(v)év represent the fraction of the 
stars having their v between v and v+ uv, we have 
Y(v) = Tovana { Boe (v—0.2127 V sin A)?5, 
where 
rv OL AT OO sere 
~ V (0. 212 tru)?-+r?" 


2 This condition might have been omitted. The method will itself furnish the 
value of 7. I have preferred, however, to use the values already found. 

3It is not of much importance what form we choose as a first approximation for 
¢(mr). Still it will shorten matters not a little if it is not too far in error, and it is 
not difficult to find a fairly plausible beginning. Let ¥(J/)6M be the fraction of all 
the stars having absolute magnitude between M and M+6M; D(m) =star density = 


In this equation: given ¥(v), required $(7). 
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the observed distribution were then diminished by a local correc- 
tion of ¢(7), in which I took pains to keep (B) always satisfied. 
The process requires some care; but I was not long in obtaining a 
solution,’ which, if it is not the best that can be obtained, meets 
the requirements in a very satisfactory manner. The solutions for 
A=154° and A=157°5 were carried through in exactly the same 
manner. The results for #(7) are in Table XVII. The computa- 
tion of the theoretical distribution for v with the help of these 
values ¢(a) is shown for A=150° in Table XVIII. The second 
column is obtained by multiplying the second column of Table XVI 
by 0.027, i.e. (see Table XVII), by the value of (7) for r=o%oors, 
and similarly for the other columns. These values of ¢(7) are 
entered in the last line of the heading of Table XVIII. The theo- 
retical distribution of v is given in the column headed 2, which is 
the sum of all the numbers (for all the parallaxes 070005, o”0015, 
o”0025 ....) in the several horizontal lines. The last two 


total number of stars per unit of volume at parallax 7; m=apparent magnitude. 
Then it is easily found that 


(7) =2D(m)¥(m-+5+5 log 7). (a) 


It seems probable that we shall obtain a fair approximation if we assume the star- 
density to be constant, and if for Y(Z) we use 


YM) =e PUK 


which was found for all the stars (see Groningen Publication, No. 11), and if finally 
for m we adopt the mean apparent magnitude of the Boss stars. We thus find 
Bien arya 
$(7) =—e AxG+5 log 7) (b) 


14 


in which there are two relations between the three constants expressing 


Co oe 
f,o(m)am — Te {ro 67 =7=known quantity. 
° 


The third constant is easily obtained from the observed distribution for v by suc- 
cessive approximations. For stars of every spectrum considered together, Groningen 
Publications, No. 11, p. 11, gives in each column of Table II the ¢(7) for a determined 
value of the apparent magnitude m. I find that these are in fact represented by for- 
mula (b) with surprising accuracy. : 
tIt turns out that rather different solutions for 7 represent the distribution of uv 
with almost equal precision; in other words, the solution for $(7) is necessarily 
inaccurate. This does not mean that the determination of 7 as a function of v and 
A, although based on ¢(7), is not fairly reliable. In fact it is little affected by small 
changes in (7). 
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columns will be explained presently. Repeating the computation 
for A=154° and \=157°s, and multiplying the frequencies into the 
totals of stars observed, we have, for comparison with the observed 
numbers, the theoretical values in Table XI. The agreement, I 
think, may be considered satisfactory. For \=150° the theoretical 
distribution is shown by the dotted line in Fig. r. 


TABLE XVII 


$(7) FOR ty =+2.5 


IN 
7 Mean 
150° 154° | 157°5 
OLOOOE Syerrerteis 0.015 O.O11 0.052 0.026 
CORR a anitere 027 .026 .087 047 
OO25 nic alan 044 .043 .087 058 
OOSR arcine ie 066 .062 -079 o69 
OOAS oan Sects 084 .075 .O71 O77 
OORS Sa eerae 093 .084 .063 080 
OOOF a nscie 095 -OQI .056 o81 
OO 7G eer ne 096 .095 .053 o81 
OOS5 eee cnet: 093 .004 .050 079 
0005). mies 087 .09O .O47 075 
OLOS anes oat 078 .082 .044 068 
OL ES mae ae ers 066 5072 .042 o60 
OL 25 ac saeieys 054 -059 .040 O51 
OLS eae O41 -045 .037 O41 
OL4 Sys. ee 028 .032 .033 O31 
Org hark fosae) .020 .031 023 
OF OS) aman (oy Ke) .OI0 .028 o16 
OL 7S ons wth 003 .005 .024 oll 
ORS Kee scyeevene 0.001 .003 .O21 008 
OLS ee creinreroievesags talsaere « 0.001 .o18 006 
OZOS oiores sis ollicmereleew ess iltousyssekeya reser: .O15 005 
ey A Pemreirial Piri ec eA IOC Loe .OIL 004 
OD DG rere ereccaell eyo atahetays cebal it oi clever erers .008 003, 
ee RI ra) ke ore eal Meer oe 0.003 0.001 
7 Cicleyie) |) Cxeeske || evel lo scodscac 


The values of ¢(7) having thus been found, the derivation of 
the average parallax of all the stars having the same v and ) offers 
no difficulty.t Take for instance A=150°. From Table XVIII we 


4 co 
1 We have: Hrg(m)e~ He—9- 212 rV sin A)?5 
fo} 

(ee) 


H p(x)e7 2.43980 sin A)25 5 


Ty, A 


° 


= O24 700m 
V (0.212 tru)?+r? 


eae 
where , 7=0.0056. 
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find for the interval v=0"0350 to 070300, that is, practically for 
v=040325, 


0”0045 X0 .0008-+07 0075 X0.0051+ .. 
© .0008-++ OLOO5 T=. ca 


T= 


The more complete computation, carried through with three 
times the number of parallaxes, furnishes the more accurate value 
7 =o"0107 entered in the last column of Table XVIII. All other 
cases were treated in the same way. 


TABLE XVIII 


THEORETICAL DISTRIBUTION OF v TOGETHER WITH VALUES OF T 
(All Numbers in Units of the Fourth Decimal) 


™ AND > (7) 

v 15 45 75 105 135 165 195 = = (7-+tab.) 7 

270 840 960 780 410 100 ° 
° fo} ° B Io Io ° 65 0.95 146 
+55.» ° ° ° 5 1s 7 ° 74 I.O1 136 
SOO ° ° 2 13 23 9 ° 140 1.81 129 
ASP: ° ° 7 30 36 II ° 250)| SOS 123 
BOO: ° 2 20 58 48 13 ° 420 4.85 II5 
oo ; fe) 8 5I QI 58 13 fe) 659 TOS 107 
250... I 26 98 IIg 60 II ° 943 On27; 98 
Feely PS OOM |S T5Smalntss 55 9 OW ty 2 53m eeu tA: 89 
150... 16 126 183 121 43 7 ° 1,404), E1470 79 
coe | oo hee ee 94 30 5 oO | 1,523 | 10.76 71 
id. 56 179 134 60 18 3 ° 1,335 8.36 63 
cl 003: Heme 80 32 9 I ° 953 | 5-27 55 
Siro ac? 77 37 15 5 I ° 548 | 2.82 51 
aa Ie ie) 14 5 2 ° ° 244 Tact 46 
16 13 5 2 I ° ° IIo | 0.46 42 
Totals | 271 840 | 960 780 | 411 100 © | 10,001 | 79.73 79 


Table XIX gives the complete results for \=150°, A=154°, 
and A=157°5. 
v= —o‘o125, as found by extrapolation. 

The argument of this table is the observed value of v, which of 
course is the argument needed for the computation of the paral- 
For certain purposes, however, another table is desirable 


laxes. 


For convenience I have added the values for 


with the ¢rwe value of v (freed of observational errors) as argument. 
This for instance would be useful for stars whose proper motions 
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are known with extreme precision. To calculate it we have only 


to use formula (52) instead of (53). The results are given in 
Table XX. 
* TABLE XIX 


7=F(v, \) (ru=+2.5) OBSERVED VALUES OF 


rN 
v obs. 

150° 154° I57°5 

+o%0525..... 0”0135 o”or42 o” 0180 
SOAS ne are .O129 copy. 2 .O170 
pOAS 5 Es .O122 [O127 .o160 
OR Ramet -O1IS .OTIQ .O150 
BOS 250 Rasen .O107 .OI12 .0139 
SO2 TR ieiaor .0098 .O103 .O124 
[O02 20am .0089 . 0094. .Q107 
SOLS csc .0079 .0085 . 0090 
SOLOS ware ote .0071 .0076 .0073 
SOONG 5 Sauer .0063 .0068 .0061 

=f OL0026..1s 2 < .0055 .0062 .0052 
—=0..0025.%.010 4 .O051 .0057 .0045 
OZ0075 cencie .0046 .0053 .0042 
=) OE2 5.2% 0.0042 ©.0050 ©.0042 

TABLE XX 


7=F(v, \) (r=+2.5) TRUE VALUES OF v 


r 
True v 

150° 154° I87°5 
+o7070...... o” 0171 070187 o” 0199 
EOOO ernie .O159 .O175 -O195 
ACTORS Goce .0146 -O161 .0187 
 O4On sates .O132 .O142 .0173 
BOZO enae « .O1IS .O12I -OI51 
BOZO ene sess .0092 .0099 .O1I9 
SOLO anaeanerars .Oo61 .0009 .0076 
=O. 005) aie, 05.8 .0043 .0058 .0046 
©1000 nis ists .0052 .0055 .0034 
= On OOS rio is roe .O104 .0083 .O125 
=O /OTO!. 5 sis 0.0136 .OO01 24 0.0154 


The divergences of Table XX from Table XIX are in a direction 
easy to foresee. The last shows the curious fact that, as v 
decreases beyond a certain value, 7 begins to increase, and soon 


t The substitution in the denominator of H of the value (52) for that of (53) is 
the only change in the formulae in the footnotes. 


413 


40 JG APTN: 


increases at a rapid rate. This, too, is in accordance with what 
might have been expected, as is perhaps best seen by comparing 
the mean parallax of stars (all at the same distance \ from the 
vertex) having v=o"000 with that of stars having a definite nega- 
tive value of v. For stars at all distances, the probability of the 
value v=o%o00 is the same, for it is simply the probability that 
the linear velocity component u is equal, but opposite in sign, to the 
stream-velocity component V sind. In order that v shall be nega- 
tive, the linear velocity component u~ must be greater than (and op- 
posite to) the stream component Vsind. In addition, the more 
distant stars, in order to show the same negative value of v, must 
have the greater negative value of wu. A greater negative value of u, 
however, means a less probable one. Consequently, whereas near 
and distant stars contribute equally in the production of v=0"000, 
the nearer stars predominate in the formation of a negative value 
of v. Therefore, the mean parallax will be greater in the latter 
case." This assumes that there are no observational errors. That 
Table XIX, in which these errors are taken into account, must 
show quite another behavior is clear. Indeed it is easily seen that, 
without such errors, practically no negative values of v would occur, 
at least for stars at some distance from the vertices. 

We now return to the parallaxes obtained by taking the obser- 
vational errors into account. In Section 17 (a) evidence is given 
which indicates that it would have been preferable to have adopted 
the same values of ¢(7) for all values of \. I accordingly repeated 
the computation of the theoretical distribution of v and of the 
parallaxes, using in each case the mean values of ¢(7) in the last 
column of Table XVII. These are direct means, notwithstanding 
the fact that the values for \=154° depend partly on stars also 

«In order to show more in detail the way in which 7 varies with v, I computed 


the following table on the supposition that half the stars have t=0"0000, the other 
half t=o"or1o00, and further that V=20.0 km, \=150°, ry= 2.5 km. 


CG 
a | 
cS 
a] 


+0%030 oO” 0100 +0.005 0.0073 


0,025 0.0099 ©.000 0.0080 

0.020 ©.0091 —0.005 ©.0092 

0.015 0.0078 —0.010 0.0099 
+o0.010 ©.0072 
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used for A\=150° and \=157°5. The weight of the determination 
for \=150° is undoubtedly considerably greater than that for \= 
157-5. As the values for \=154° are practically identical with 
those for A=150°, the manner of forming the means is sensibly 
equivalent to giving double weight to \=150°, which cannot be 
far wrong. Since the differences between the observed and the 
theoretical distribution were increased in every case by this pro- 
cedure, the indication alluded to is not confirmed by the observed 
distribution of v. The safest course seems to be to adopt the 
arithmetic means of the parallaxes obtained on the two hypotheses, 
(a), (2) different for \ different; (6), (7) constant for all X. 
Having thus obtained the definitive parallaxes (for r,= + 2.5) 
for N\=150°, 154°, and 157°5, we consider less frequently occurring 
values of A. For A\=140°, 145°, 165°, 180° I adopted the mean 
¢(7) in Table XVII and derived Table XXI, from which the 
individual parallaxes for r,==+2.5 were obtained by simple inter- 


polation. 
TABLE XXI 


T2,;=(v, \) ADOPTED, FOR ry=+2.5 KM 


I40' 145 150° 154° ES 7e5 160° 165° 180° 

+0"0525 | OVOEAZNNOLOE44 |OLOL45) (OL OL5 11) 0/0172) || 00171 NO .OL7 0) | pereeeaes 
-0475 .0133 .O135 .0137 .O142 .O162 .O16L HO LOOM | aevarers 
.0425 .O124 -0126 .0128 ZOESS -OI51 .OI51 ROD SO: | eee 
.0375 -O114 .O116 .O11Q Koni .OI4I -O140 | .0139 |........ 
.0325 .O104 .O107 FOLLON eEOLIS SOLZO0)|) ).O120) 1.0127) |nO.0130 
.0275 .0093 .0097 .O100 | .O105 .OIL7 .O116 .OII5 .0123 
.0225 .008 2 .0086 . 0090 .0094 .O103 .O103 . 0103 .O108 
.O175 .0071 .0075 .0079 .0085 .0089 .0090 | .0092 .0004 
.O125 .0060 .0065 .0070 .0075 .0074 .0077 .0083 .0084 
.0075 .OO051 .0056 . 0061 .0066 .0064 | .0068 | .0075 .0077 
+0.0025 .0043 .0048 .0053 .0060 .0056 .0060 .0069 .0074 
—0.0025 | 0.0035 .0042 .0048 .0054 .0050 .0055 .0065 .0074 
OnOO TSN rerercite ee 0.0038 .0043 .0049 .0047 .0053 .0005 .0077 
OLOEDS WM ireateleisyer a] sone, ste) sGr- 0.0038 | 0.0046 | 0.0046 | 0.0052 | 0.0065 .0084 
6 Konan cous an nanen a eer conor acmnccantoeoacralboxbnordhcooodKe 0.0094 


I4. CASE 1,=0.0 


According to-Section 12, Remark 2, the calculations have now 
to be repeated for the value r,=0.0. Tables XXII, XXIII, and 
XXIV, corresponding to Tables XI, XVII, and XXI, unchanged 
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but for the value of 7,, embody the results. 


Comparison of Tables 


XI and XXII shows that the observed distribution of v is about 


equally well represented in the two cases. 
Tables XVII and XXIII show large differences. 


the footnotes of Section 13 also hold here. 


TABLE XXII* 


DISTRIBUTION OF v (THEORETICAL NUMBERS ARE FOR ru=0.0) 


The values of #(7) in 
The remarks in 


A=150° A=154° 
v 
Obs. Theor. | O.—C. Obs. Theor. 
0.5 On3 =-0.2 0.3 O72 
+0%055 
0.5 0.5 0.0 0.5 0.3 
050 
0.9 0.9 On ON One 0.5 
045 
1.6 aE Oey | ee Ts 
.040 
2.6 2.9 —0.3 27, Paley 
.035 
4.0 Zao) ||) =—Xoa(s) || Z.7 4-4 
030 
6.1 4 —0.3 | 6.5 6.4 
025 
7.9 iE O72 ond 8.4 
020 
9.2 9-4 —o.2] 9.9 | 10.1 
O15 
10.2 Qe00 We atcO 10 neTOn2 10.5 
O10 
Q.2 8.6 | +0.6] 9.0 9.4 
+0.005 
6.7 6.4 +0.3 O47 7.0 
©.000 
Aad 3.8 =POrsn ane IN) 
—0.005 
Teo 1.8 O7Onl) 255 1.9 
0.010 
0.6 0.8 
0.015 0.8 Ont 0.9 
Ont 0.3 
—0.020 
Motaiss||OOKON | ROGsON |e arte 68.4 | 68.4 


OC: 


A=157°5 
Obs. Theor. 
Lev o.1 
0.7 0.5 
Tek 0.8 
1.6 1.9 
oy ts 3.0 
3.6 4-4 
(seat SO 
6.8 6.9 
8.6 8.4 
TO.O me nTOn© 
LOS EOLO 
Cy | OK 
7-3 7-2 
4-5 3.8 
1.9 17 
On) 0.4 
75-5 | 75-6 


* Same as Table XI except that rx=o.0 instead of +2.5. 


The parallaxes obtained by interpolation from Table XXI 
(r,= 2.5) appear in Table XXXIX under the head 7,.,; those 
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from Table XXIV (r,=0.0), under the head zz. Finally the 
adopted 7, corresponding to the adopted value r,=+1.67 (47), 
was obtained from 


maa Bast ees a, (57) 


TABLE XXIII* 


(7) FOR ry=0.0 


r 
1. Mean 
150° 154° STi 
OOOO eho oZo40 07032 ol119 07064 
EOOES ac 35 .066 .058 SLES .080 
ROO2ZS clot .O74 .066 .094 .078 
S003 Secor .077 .069 S072 .073 
ROOABIE ace Ou .073 .054 .068 
EOOSS 5: .075 .075 .043 .064 
JOOOS Sse. © .072 .072 .039 .O61 
SOO7 5 stiss .070 .O70 .036 .059 
BOOSH ars lest .067 .067 .035 .056 
SOOOS nisin .063 .063 .034 .053 
SOLOS cea .058 .058 .033 .050 
SOLES sna: .052 .052 .032 -045 
ODDS oc seitocs .046 .046 .030 -O41 
SOLSS sais .039 .039 .028 .035 
SOLAS =, weer FO32 .032 .027 .030 
SOL Seis enets .023 .029 .026 .026 
SOLOS wots .o18 .024 .025 .022 
BOIS fears ;OF3 .O19 .024 .O19 
OLB S wor os .O10 .O16 .023 .O16 
SOLOS wees .009 O13 .022 .OI5 
ROZOS lenis .007 .OII .020 .O13 
POZE Serie .006 .008 .O19 ,OIL 
O22 6 aren .004 .006 .O16 .009 
BO23 Gener ©.002 0.002 .O14 .006 
ODAC rei) enters raters sees aj tecoervr pero .O10 .003 
Mol Ted oles Pay tee chen Ciena NE A Oe .007 .002 
OROZO Sa reel epee oreo nara eres enero 0.003 0.001 
cy 0”007 070085 00083 


* Same as Table XVII except r,,=0.0 instead of +2.5. 


For Boss 1517, for which v is far beyond the limits of the tables, 
see the footnote to Table XXXIX. For one or two stars there has 
been a slight extrapolation. For all stars outside the Nebula- 
group within 15° of the antivertex the values of a have been 
marked uncertain (:). 
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TABLE XXIV* 


To.o=(v, \) ADOPTED, FOR 7u=0.0 


r 
v 
140° 145° 150° 154° 15775 160° 165° 180° 

+0"%0525 | 0%0176 | 0%0186 | 070197 | 070203 | 0%0224 | 070226 | 070226 | of 0081 
.0475 .O160 .O17I .0182 .O1QI .O212 0214 .0216 .0o8I 
.0425 .O142 .0153 .O165 .O177 .O199 .0200 .0202 .0081 
.0375 .O120 .0136 .0148 .0162 .0183 .0184 .0186 .0081 
.0325 .O109 .O1IQ . 0130 .O143 .O165 .0166 .O169 .0o8t 
.0275 .0093 .O102 .OIII .O122 .O142 .O145 .OI51 .0081 
.0225 .0077 .0085 .0093 .O102 .O116 .O120 .O129 . 0081 
non) .0062 .0069 .0076 .0084 .OOQT .0097 .O109 .0o81 
-O125 . 0049 -0055 . 0061 .0068 .9068 .0075 .0089 .0o81 
.0075 | > .0038 .0043 .0048 .0053 .O05I .0058 .0072 .0o81 
+0.0025 .0029 .0033 .0037 .0043 .0039 .0045 .0059 .0081 
—0.0025 | 0.0026 | 0.0026 .0030 .0034 .0032 .0037 .0048 .0o81 
OHOO 7 RUS can steers eretarene esate .0025 .0027 .0028 .0034 .0045 .0o81 
== O OL 26 | csttapyarrs| seers 0.0022 | 0.0023 ae ©.0032 | 0.0043 | 0.0081 


* Same as Table XXI except 7,,=0.0 instead of +2.5. 


I5. PROBABLE ERRORS OF THE PARALLAXES 


We again consider separately the two cases r,=+=2.5 km and 
7,=0.0 km, beginning with 7,=+2.5. The value of m adopted 
for any one star is really the mean 7z of the parallaxes of all stars 
having the same v and A. Let 7; be the true parallax. It is easy 
to find the probable value of the deviations 7,—7, if for the moment 
we assume that they follow the error-law. Take for instance a 
star for which A=150°, v=0"0325. Table XVIII shows that for 
y= +2.5 the adopted value of t (=0"%0107) is the mean built up 
from 


0.0008 stars having r=o%0045, therefore m—m=—07%0062 
o.co5t “ Sn ame OL ODS, . “ =—0.0032 
©.cogt “ <n, Ite OnOTOR, s “ =—0.0002 
0.0058 “ “,  Gxo.or35, : “ =+0.0028 
Ooo “ Sten EOUOLOR, . “ =+0.0058 


Hence, for a total of 0.0221 stars, the sum of the residuals, all 
taken positively, is 
0.0008 XO .0062-+0.0051 X0.0032+ ... . =0.00004688. 


Therefore 
Average value of 7,—7=0"00212 
Probable value of 7;—7=0%00179 
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The more refined computation, based on a table such as Table 
XVIII, but extended to all the parallaxes, 070005, 070015, 070025, 
. gives 
Probable value of 1-7 = +01 00101. 


With similar computations for other values of v and \, and a 
repetition for r=o.o, I find finally, interpolating for r,=+1.67, 
the results in Table X XV, which include the effect of observational 
errors in the proper motions. Roughly speaking, we may say that 
for \<156° 


fn= +0" 0021. (58) 
For \>156° the error rapidly increases. 


TABLE XXV 


PROBABLE ERRORS OF 7 


v A=150° A=154° A=157°5 
OL O38 2.5 os. as 00020 0” 0021 0%0029 
OPO2 25 Severed. 0.0021 0.0022 ©.0030 
OLOL25 eg 0.0020 ©.0022 0.0029 
“IO 0025.2 2. 0.0019 ©.0021 0.0025 
moc ov wend A aricratro Seen Gullo OOO BOC a ac 0.0022 


But these probable errors have been computed on the supposi- 
tion that the deviations follow the error-law. This may answer 
for the larger values of v, but it gives only a rough idea of the 
deviations for the smaller values of v. Indeed it is seen from 
Table XVIII, in which each horizontal line gives the frequency of 
the various values of w for stars of the same \ and v, that the dis- 
tribution becomes very skew indeed for the vanishing values of v. 
The skewness is still more marked for the higher values of A, the 
tables for which are not given here. 

It is evident that this must be so. None of the parallaxes is neg- 
ative; therefore, as an example, in the case of \=150°, v=0%0025, 
where Table XVIII gives t=0"%0055, deviations below —o%o055 
are impossible, whereas no such impossibility exists for deviations 
greater than +0%0055. In fact, according to Table XVIII, the 
number of such deviations is by no means negligible. 
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In Groningen Publications, No. 8, p. 21, I assumed—in a very 
similar case and for quite the same reason—that not a but log z 
is distributed according to a normal error-curve. Schwarzschild’ 
demonstrated theoretically that this must really be so, or rather 
that it is consistent with what we know or accept in connection with 
the distribution of the stars in space. 

Table XVIII and others similar to it for the case of vanishing 
observational errors seem to offer an opportunity for testing the 
validity of the assumption directly by what we know from obser- 
vation, for these tables are really derived from the observed distri- 
bution of v. It may be sufficient to state that, on trial, I found the 
result somewhat inconclusive. For \=157°5 the representation of 
the difficult cases by the logarithmic curve is satisfactory; for 
A=150 it isnot. More extensive data, less strongly influenced by 
observational errors, are required to make the test decisive. 


16. APPLICATION OF THE METHOD TO THE VALUES OF T 


It seems natural.to attempt to use the component 7 of the 
proper motion as we have used v in what precedes. Since 7 is 
independent of the stream-velocity, we avoid all the difficulties 
presented by this motion. We need not consider groups within 
narrow limits of \; errors inits velocity V are of no consequence, etc. 

We compare the observed distribution, which has been given in 
Table XII, with the theoretical distribution. To determine the 
latter we have, as before, 


T=0.21271 (59) 


(r and zw in seconds of arc; tin km per second). The distribution 
of ¢ (Section 11) is practically according to an error-curve, the cen- 
tral value being =o, with a probable error 


1=14= 1.67 km (60) 
Hence, the values of 7 for stars of the same parallax will also 


be distributed according to the error-law. The central value will 
be zero, and the probable error +o0.21277,. The observational 


t Astronomische Nachrichten, 190, 361, 1912. 
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errors will not disturb the distribution in an error-curve; the only 
effect will be to increase the probable error to 


R==+W (0.212 W7ry)?+r 


In Section ro values of + with probable errors exceeding 0”0069 
were neglected. Consequently 7 is now found to be smaller than 
in the preceding section, namely, 


r= =£010047. (61) 
Hence 


R=+V (0.3547)?-+(0%0047)? ° (62) 


In analogy with Section 13, we might now compute the distri- 
bution of 7 for a series of consecutive values of z and then try to 
find the relative numbers of stars with these parallaxes necessary 
to produce a distribution of r agreeing with that observed—in other 
words, find values of »=¢(7) which will harmonize theory with 
observation.’ But it appears that such an attempt is doomed to 
failure, for, whether we assume all the stars to have the same 
parallax, or whether we assume 7 to be distributed according to 
(2) in Tables XVII and XXIII, we find practically the same dis- 
tribution for r. The solution is so little sensitive to changes in 
¢(7) that the determination of this function in the manner pro- 
posed is hopeless. 

For example, let I represent the distribution of 7 resulting from 
the known distribution of ¢, when we adopt for all the stars the 
parallax 0%0081. The distribution of 7 then follows an error-curve 
with a probable error found by (62) to be R==+o%0055. Similarly 
let II represent the distribution of 7, resulting when we assume for 
(7) the values found for \=150° by interpolation between Tables 
XVII and XXIII. Finally let III represent the same distribution, 
when for ¢(7) we adopt the result of interpolating between the 


t This would be equivalent to finding the solution of the integral equation: 
co 
Prob. i kon eee Ho(r)e— 2" br 
T Ber Aes a 
OV 4700" 
H= par ree ar ST + 
mere V (0.212 tru)?+r 


The first member being given, we would have to find $(7). 
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mean values of Tables XVII and XXIII. The method of obtaining 
II and III is so analogous to that followed for v in Section 13 that it 
need not be described. The results (total number of stars 72) are 
given in Table XXVI. They are so nearly identical that, whatever 


TABLE XXVI 
Frequencies No. of Stars 
a 
I II Ill I II Til 
> = OLO25 eee 0.002 ©.000 0.006 o.1 0.0 0.4 
+0025 to 0.020. .O12 .O14 .018 0.9 if (6) Eas 
#6,020 “ =£0,015. .052 .052 .056 Bey Bay] 4.0 
== OOS 4 =O, OO, .154 satis) .154 Ure 1 10.9 Sige: 
=0.010 “ ==0.005. .320 .318 eae 23.0 22.0 220 
+0.005 “ +0.000.| 0.460 0.464 0.454 goeu 33-4 BO si 
Sotalsarnre se I.000 I .000 1.002 71.9 71.9 Tome 


the observed distribution, a choice between the three solutions is 
impossible. All three agree equally well or equally badly.* 
Actually the agreement is in no case perfect, for solution I (there- 
fore also II and III) represents the distribution in an error-curve 
with probable error 0’0055, while the observed distribution is sen- 


t In the case of data a hundred times richer, such differences as we find between 
the several solutions might lie well outside the limits of uncertainty of the observed 
numbers. But even then the solution for ¢(7) would have to be considered illusory, 
at least.in the present state of science. To show this clearly, let us assume our data 
to be so numerous that the frequencies could be considered reliable to the third 
decimal inclusive, and further, that the observed frequencies agreed absolutely with 
the theoretical frequencies of solution II. Would this prove that solution II for 
¢(7) would be the correct one? By no means, for we are far from certain that the 
linear motion ¢ for the distribution of which we assumed the error-law, really follows 
this law with a precision of a few thousandths in the frequencies. Indeed we know 
that, at least for a mixture of stars of all spectra, there are very appreciable deviations 
from this law (see Schwarzschild, Astronomische Nachrichten, 190, 376, 1912; Kapteyn 
and Adams, Proc. Nat. Acad. Sci., 1, 18, 1915). It even seems questionable whether © 
the accidental observational errors in ¢ follow the error-law with such nicety. The 
real frequency law of the linear velocities might therefore be such that if we reduce 
to angular motion on the assumption of the same parallax for all stars, and add the 
effect of the accidental errors of observation, we would find, instead of I, such a dis- 
tribution as II or III or any other distribution diverging from I by quantities of the 
same order. In case we found exactly the distribution II we should of course con- 
clude, instead of inferring that (7) had the values given above for II, that all the 
stars had the same parallax. 
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sibly in an error-curve with the probable error + 0"0061 (Section 10). 
Were the difference well established it would have to be interpreted, 
either (a) as an error in the adopted mean parallax 00081, or (b) as 
an error in the adopted probable amount +1.67 km for #, or (c) 
as a combination of both (a) and (0). On the first hypothesis the 
mean parallax should be o‘o110; but the evidence for the change 
is almost negligible. 


17. ADDITIONAL EVIDENCE AS TO THE VALUES OF THE PARALLAXES 


The difficulty of the question and particularly the relative 
crudeness of the data seem to justify the accumulation of as many 
checks as can be obtained. I have therefore brought together 
whatever further evidence I have been able to find, not hesitating 
to include some which is only partly independent of what precedes. 

a) The range in parallax.—Though the values of 7 do not afford a 
useful determination of the parallaxes, they may serve indirectly by 
rendering possible the elimination of observational errors. For this 
purpose I will compare the components v and 7 for stars at the same, 
or nearly the same, distance \ from the vertex. The values of uv 
contain the component of the stream-motion (in angular measure) 
and the peculiar proper motion; 7 contains only the latter. If all 
the stars had the same parallax, the angular stream-motion in v 
would be the same for all. As the peculiar motions are supposed 
to be random in direction, the common angular stream-motion 
would be the arithmetic mean v of v. Hence v—v, as well as 7, 
would include only the peculiar motion. Both would have all sorts 
of values, but the average amounts (all taken positively) and simi- 
larly the probable amounts would be equal. 

If, on the contrary, the parallaxes are unequal, the stream- 
motion involved in the v will not be the same for all stars. The 
quantities v—v will include the peculiar motions, and also an element 
dependent on the stream-motion, which will be the greater the 
greater the diversity of parallaxes. 

The average value of v—v (disregarding signs) and its probable 
value will now be greater than the corresponding values fort. The 
difference will be a measure of the diversity of the parallaxes, that 
is, of the range in distance. 
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In the elaboration of this idea we must consider the observa- 
tional errors. Since the component of the stream-motion at right 
angles to the line of sight for stars at the distance \ from the vertex 
is Vsin\ km per second, or 0.212Vsind astronomical units per 
year, we shall have, if we call a and @ the peculiar angular motions 
in the direction of v and 7 respectively, 


v=o.212 rVsin A+a-+obs. err. in _ 


Ti B-+-obs. err. in T (63) 


For a great number of stars the arithmetic means of a, of 6, and of 
the observational errors in v and 7 will be zero. Hence 


v—v=0.212 V sin \ (w—7) +a+obs. err. in v (64) 


T= B-tobs. err. in 7? 


Squaring and forming the means for all available stars, we find, 
putting 
w—7=Ar (65) 


“D(v—3)*= (0.212 Vsin d)(A)*+=Za?-+-Z (obs. err. in v)? 
+double products 

I 2 — I 2 I 7 2 

ne = nee += (obs. err. in 7) 
+double products 


(66) 


The double products will nearly disappear, because the factors 
are as frequently positive as negative. Further, 26? will approxi- 
mately equal 2a’. The terms depending on observational errors 
may differ slightly on account of possible differences of accuracy 
in the proper motions for a and 6; but as these differences are 
generally small, and greatly diminished in v and 7, we assume 
these terms also to be equal. Hence, if we write 


I = ag 
S?=52(v— 8p (67) 
we obtain 
(0.212 V sin \)? (Ar)?=S? (68) 
where S is a quantity given by the observations. 


‘It is slightly more correct to use 7—7 than Tt. This refinement was indeed 
introduced; 7, however, is so small that the correction is without influence. 
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Applying this formula to narrow zones of , I find 


i A 2 No. Stars Weight 
145 to 149 (Ar)?= +0 .cooor1 26 15 
£5O° S-Ts4 + .000042 40 12 6 
ttm ae! + .000025 28 4 (69) 
160 “ 164 +0 .000017 17 I 
from which 
(Am)?=+0.000024-0.000005 (111 stars). (70) 


From the preceding section, for \=150° and \=157°s, the two 
being practically independent, : 


A=150°0 (Am)?=0 .0000135 
A\=157-5 © .0000337 
Mean 0.000024 


The agreement of the two mean values is beyond expectation. 
As (Az)? is preponderatingly dependent on the extreme parallaxes, 
both large and small, I see in this agreement a good test of the 
correctness of the total range in distance. On the other hand, we 
here find a difference for high and low \ which is not confirmed 
by (69). As this difference is due to the differences shown in 
Tables XVII and XXIII between the values ¢(7) for different 
values of \, we obtain an indication that it would have been prefer- 
able to adopt for the different zones of \ values for ¢(7) which more 
nearly agree. This is the reason why I definitively adopted in the 
preceding section, for \=150°, 154°, and 157°5, values of (7) 
intermediate between those found directly and the mean of all. 

b) Test of the moderate and large parallaxes.—Since v is the angle 
subtended at the earth by the projection on the sphere of the 
stream-velocity increased by the component wu (u counted positively 
in the sense of the stream-motion), it will, on the whole, be some- 
what greater for the stars having positive values of u, and smaller 
for those having negative values of wu. In other words, there must 
be a certain degree of correlation between v and u. The coefficient 
of this correlation p necessarily lies between zero and unity, p=o 
corresponding to an absence of correlation. For this case the 
average of the several w’s corresponding to any given v would be 
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zero; for p=1, u is a pure function of valone, and a value of v fully 
determines “, which I will call w. According to (50) the two 


extreme cases give 
* 
ke v 
=o; %=—— > > (71 
Erne ° 9.212 V sind 71) 


ie al ig (72) 
Pia RES Oras (V sin A+) * i 


As the truth lies between the two, we thus obtain two limits for 7. 

The value of uw, for any value of v is easily obtained. It will 
be necessary, however, first to derive from Table XI, which gives 
the distribution of the observed v, one giving the distribution 
of the true v (free from observational error). Professor Eddington? 
has given an extremely elegant and convenient method, but the 
observed frequency-curves are here so nearly error-curves that an 
even more convenient method is available. 

Thus, for instance, the observed frequency-curve of Table XI 
for \=150° is represented approximately by an error-curve with the 
central value o’0162 and the probable error o%00917. As the prob- 
able error of observation is +0%0056 (54), the frequency-curve of 
the v, freed from observational error, will evidently be an error-curve 
with the same central value, y=o07%0162, and the probable error 
V 0.009177—0.0056?= +0"00725. Proceeding in the same way 
for the other values of \ we have: 


P.E. Free from 


Central Value Obwinace 
Me beljovguratys ania o”0162 +0700725 
NEW SAR Aare 0.0159 0.00705 
NAST G7 crete 0.0135 +=0.00693 


* This is only approximately true and assumes that (with the exception of a 
vanishingly small number of extreme values of ~) u is small as compared with V sin . 
For in this case we may write, neglecting squares of small quantities, 


U U U 
T= => SS 
0.212 (V sind+u) 0.212 V sind (: ran) 
from which, because #=o, 
Uv 


7 = ——_—________ , 
0.212 V sind 


* Monthly Notices, 73, 359, 1913. 
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With the aid of these numbers we find by the ordinary theory 
of the distribution of observational errors that the following frac- 
tions of all the stars entered in Table XXVII have values of v 
exceeding given limits. : 

TABLE XXVII 


FREQUENCY OF v EXCEEDING CERTAIN Limits 


v A=150° A=r54° A=157°5 
Sy OOsO. ce "100 07089 "054 
O25 ereveecls . 206 .192 page 
fO20 aca er . 362 nody, 5203 
SOLS Mion -544 -535 -442 
,OLOsw ayer .718 -714 .633 
©0055 © a en7- 0.851 0.851 0.906 


Now it is evident that if w is a function of v alone, as it is in the 
extreme case under consideration, it increases and diminishes with 
v, and the number of values of v and of uw exceeding specified 
corresponding limits must be the same, and conversely. That is, 
the value u corresponding to any particular value of v will be that 
value of « which is as frequently exceeded as is the particular 
value of v. Therefore, to take an instance, since by Table XXVII, 
for \=150°, v exceeds 0%030 in 0.100 of all the cases, and since in 
the theory of observational errors we find that an error exceeding 
+1.90 times the probable error (which for u is +1.67) occurs in 
just 0.100 of all the cases, therefore u5%03. =+1.9OX1.67=+3.2, 
and similarly in other cases, thus giving the results in Table 
XXVIII. With the aid of these data, (71) and (72) lead to 


Table XXIX. 
TABLE XXVIII 


uv (ru= = 1.07) 


x 
v 

150 154° 157°5 

km km km 

OLO3O eras sete +3.2 +3.4 +4.0 
ODE Siete ses e +2.0 +2.2 +2.8 
O20 artis che +0.9 +1.0 +1.6 
ORG crwiersre —0.3 =O) 2 +0.4 
OLON serene —I.4 —1.4 —o.85 
O1OO5 ohare sem ete —2.6 —23.0 303 
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TABLE XXIX 


LIMITS FOR 7 


A=150° A=154° A=157°5 


To us isa Tro us Wr Tro us Wr 


0"030.../o”or4r |o%0124 |o%0107 |o”0161 |o%0134 |o%0116 |o%or85 jo%o162 jo‘or21 


.025...| .o118 | .o109 | .0098 | .0134 | .o11g | .o108 | .o154 | .0142 | .o113 
.020...| .0094 | .0093 | .0087 | .o107 | .0102 | .0097 | .O124 | .O120 | .O103 
.O1§...| .0071 | .0076 | .0073 | .0081 | .0084 | .0082 | .0093 | .0097 | .0088 
.O10...| .0047 | .0056 | .0055 | .0054 | .0064 | .0064 | .0062 | .0071 | .0069 


0.005. ../0.0024 |0.0037 |0.0032 |0.0027 |0.0048 |o.0038 0.0031 |O.0041 |0.0054 


With these limits we have to compare the values of 7 corre- 
sponding to the true values of v as argument. For r,=+2.5 km, 
a has been given in Table XX; for r=o.o it is to be computed by 

Vv Vv 


©.212 VsinX 4.24 sin A" 


T= 


Interpolating for 7,=+1.67, we find the values in Table XXIX 
under the heading wz. Our test is that + ought to be included 
between the limits 7, and 7. 

In making the comparison we must consider that the values of 
uy, in Table XXVIII depend in the last instance on observations, 
and as such are liable to error. The limit 7, itself, is therefore 
liable to such error. Further, from (72) we see that for values of 
u, not too far from —V sin Xd any error in uw, appears in 7 enor- 
mously exaggerated. For this reason it is not surprising that for 
values of vas small as o%015 or o%o10 the values of in Table XXIX 
are sometimes slightly beyond the limit 7,. For v still smaller, the 
present test of the parallaxes is, I think, of little value. Taking all 
this into consideration there seems to me every reason to be satisfied. 

c) Test for the distant stars —I will here use only the Bo-Bs stars 
and will consider that fifth of them for which v is smallest—on the 
whole, the more distant objects. They are 


for \=145° to 154° those for which v<+0%0048 
for A=155 to 165 those for which v<+o.oors. 


Stars still nearer to the antivertex will be disregarded, as will also 
the few stars for which \<145°. It is my aim to find something 
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like a lower limit for the parallax 1, of these stars which for brevity 
will be called the great-distance stars. 

For this purpose I will make use of the luminosity-curve of the 
Bo-B5 stars, for which a fairly reliable curve has been found in 
Mount Wilson Contribution No. 82. A formula was also derived 
(op. cit., p. 64) by which the mean parallax can be found for a group 
of stars which is complete down to a specified magnitude m,, when 
the average apparent magnitude m of the whole group has been 
observed. For m,=5.81, which is the Harvard magnitude limit 
to which Boss’s catalogue is complete, the formula becomes 


- ahh 
m=—4.115—§ log t—0.691 ——~~p —_ (73) 
val e762 
| A Sy) pear 
where’ 
P=+4.055+2.045 log z. (74) 


In order to eliminate to a great extent the errors of the adopted 
luminosity-curve, I will apply the formula not only to the great- 
distance stars but also, for comparison, to the entire group of Bo-B5 
stars, adopting for the mean parallax of the latter r=o7%0081. The 
method thus becomes a more or less differential one. 

If to the limit 5.81 mag. 


m,= average mag. of all the stars 
M,= average mag. of the great-distance stars 


then (73) and (74) show that 


if m—m,= o™oo then rg =070081 
ie Se +o.10 “* “ 0.0069 
“ « +o.20 Gf 0.0057 
“ « +0.30 eek 0.0046 
« & +o.40 “ & 9.0036 


From Table XXXIX I find that in reality 
M,=4.78=0.06 (86 stars) 
M,=4.81+0.14 (14 stars) 
t The formula supposes that the range in 7 is not excessive. I feel confident that 


we may safely apply it in the present case. But, in case of doubt, the method which 
is fully explained in Mount Wilson Contribution No. 82, pp. 65-68, can be applied. 
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Therefore m,—m,=-+o.03+0.15, and according to the preceding 


table 
Ta= 000770" 0018. (75) 


Since the average value of v for the stars of great distance is 
found to be —0”%0016, interpolation between Tables XXI and XXIV 
gives for the mean of A\=150°, 154°, and 157°5 


Tg= 00046. (76) 


The difference is considerable, but so also is the probable error 
in (75). In fact the difference is 1.7 times the probable error. 

The conclusion from this test would seem to be that the number 
of stars is too small to lead to any well-founded result. The result 
as it stands would indicate that the adopted parallaxes of the dis- 
tant stars are too low rather than too high. Any material change 
in this direction seems pretty well excluded, however, by the more 
reliable tests (a) and (0). 

d) Test by binary systems.—Professor Hertzsprung courteously 
furnished me with the following hypothetical parallaxes, derived by 
a method which allows of a fairly good determination of parallax 
for any double star as soon as it shows sensible orbital motion. He 
will no doubt soon publish his method. In addition I quote the 
parallax of 6 Orionis according to Stebbins.* For comparison the 
parallaxes obtained in the present paper are added. 


bh tetas and Kanteyn 
§ Orionis = Boss 1398... 0” 0082 0”0057 neb. 
eS _= “ 1380.. 0.0060 ©.0057 neb. 
t§ Monocerotis= “ 1706.. 0.0089 ©.0057 
32 Orionis =e tea: 0.0138 0.0156 
Sues = aL maT Sar 0.0032 0.0057 neb. 
IME CAT Nats merch ae Seer ae 0.0080 0.0077 


18. THE NEBULA-GROUP. ITS PARALLAX 


In this group the proper motions are so exceedingly small that 
the method for finding the stream-elements and the parallax used 
t Astrophysical Journal, 42, 145, 1915. 
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above fails altogether. Fortunately I had at my disposal for this 
region and its surroundings, namely, 


R.A. 5o™ to 62o™, Dec. —10° to +20°, (77) 


the spectra for the A and B stars obtained by Miss Cannon for the 
Revised Draper Catalogue. In Table XXX the numbers of these 
spectra have been summarized. In order to be sure of including 
only the densest part of the Nebula-group, I narrowed the limits (2) 
of this group’ to 

R.A. 520™ to 5440, Dec. —7° to +2°, (78) 


an area of 45 square degrees. For comparison I included the stars 
of region (77) well outside the Nebula-group. For these I adopted 
the limits: 


oS to sco + 3° to +20° 
5 20 “ 5 60 +5 “ 46 
5 0 “5 I0 To “oes (79) 
fue fuek. 60 ey ee 


containing in all 305 square degrees. The space between these 
regions was not used in order to be independent of any uncertainty 
in the exact limits of the Nebula-group. 

The last line but one in Table XXX gives the mean of the 
observed magnitudes. The last line gives the ratio of star density 
in nebula region to star density outside this region. We thus find 
that the nebula region is fully twelve times richer in Bo—B5 stars 
than are the surroundings. For later types this ratio rapidly 
diminishes. The Nebula-group thus contains both B and A stars, 
but, as compared with the surrounding sky, it is very much richer 
in spectra of the former class. 

The striking fact in the numbers of Table XXX is that the 
magnitude of greatest frequency is different for the nebula and the 
region outside. This at once promises a determination of the ratio 
of the parallaxes of the two groups of stars. For the absolute 
magnitudes of stars which are practically at the same distance 

1 This narrowing of the limits is the reason why the number of bright B stars 


in the Nebula-group, as shown by Table XXX, is smaller than that in Table XX XIX. 
Moreover the Oes stars have been omitted from Table XXX. 
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TABLE XXX 
NuMBER OF STARS IN “REVISED DRAPER CATALOGUE” 
B3 Bs Bo-Bs Bs-Bo B8-Bo A 
MAGNITUDE on 
Limits AG. o € 7 Out. Outs Oute 
Neb. | O8t=| Neb. | Out | Neb. | Out | eb. | OMt | Neb. | OE") Neb. | Ont 
@KOS-CUss 06 to's Oy) peo? Won |l) Key ipeetoyyl| rey || see: 7 eae 7 \C48q noe, 
SHS 5 -OLOstieereie 8.8 fo) ° 2 ° 2 CH IIPGRA ican al elope A'ey 40% 
SOS Or 55m aes: 8.3 3 ° 3 3 6 BA 2OW cA Se oGn ACh ee tamO 
Ts =O Stereos Uhoks. B 3 3 2 6 || ses) iacse || as || oko) 6 | 35 
7,057.55 -.04- Bob Bibs QP IO 4s OTS Team aed Grn aoe 
Ga5 Sac 7h OS tects: 6.8 I I 2 2 3 3 Ae N38 2 9 4 8 
OxOS=On5 Siencuere's 6.3 4 3 tel eeopeal| pe 4 7 4 3 4 Oulias 
SES OOR Ob 6 oe Sonne at eaten 6 3 TNs 7 2 2 
SpOR Hu RSoads ah.) Gees fe) I 3 2 Bu AlN, 3 All te) 
ASS QOS sree 4.8 Z 2 3 2 pee I ° 
AOS Aras Gielen AUSSI cere leek Olle 3 spsitse Itarecan stl sous aallanee I 
Be WieneCao so 3.8 Sai Hf ©) fees. alae nets sis cal estore ntetiets ° 
BOG =3n5 Gabel BB Oth »,On tia Mies! lhe copewtes orseeysttesverers ° 
Bis BE BOS «5 910 0c Des fo) Ol Nava alliceareaetl ay etsuel Peper I 
DOG =D a5 ie ciers Bin3 2 if, Oo Wee coal range tonatetttevele te lave ettell ae 
Ths Gist ALOBa ye chs To I bi Pot CNC ecen iS CORN acl IBI o.5 
TAOS Te SS ares. it 8} ie yalesl a count fra bev one Creation eet ett eget ore eee | eee 
On RS OR us 5 a folie tal ean Ar4 (Parra ae ee Te eM Pierre OMe eCity ae aI Ne cle 0 
O2O5-O.155 0. shes 0.3 mae I SRE he or 
ARO NSW oy a wligioa Gala 200 L205 hs 7 | 48 | 27 |124 |150 |109 |143 |126 1474 
Mean mags..|...... (eV MacAPAo ROA AKON hae din bo ciicocdlGodelleanalic occ 
Density Nebula 
mae ie See etee Tins I4.5 T2510 5.6 ine 1.83 


differ from the apparent magnitudes by a constant, 5+5 log 7.* 
Consequently the frequency-curve of the apparent magnitudes 
differs from the luminosity-curve (which is the frequency-curve 
of the absolute magnitudes) merely in that there is a displace- 
ment of 5-+-5 log a mags. between the two. For two groups with 
parallaxes 7, and 7, the frequency-curves of the apparent magni- 
tudes will thus be the same, with the exception of the displacement 


5 log magnitudes. (80) 


Consider the region of the nebula and that defined by (79) lying 
outside the nebula. As to the former, the lateral dimensions being 
small, it is all but certain that the depth also will be small. For 
the outside stars the distances must vary to a much greater extent, 


1 See, for instance, Groningen Publications, No. 11, p. 12. 
> > ’ ’ 
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and the frequency-curve of the apparent magnitudes will here con- 
sist of the superposed frequency-curves for the different distances. 
If we suppose the curve of the absolute magnitudes to be an error- 
curve (see Section 27), the frequency-curve of the apparent mag- 
nitudes for stars at the average distance will be an error-curve 
with its maximum at a certain magnitude. For the stars of smaller 
parallax the curve will be shifted to the fainter magnitudes; for 
the stars with greater parallax, to the brighter magnitudes. As 
long as the range in distance for the great majority of the stars is 
moderate, as is here the case, the superposition of all these curves 
will still be practically an error-curve, with its maximum at nearly 
the same magnitude as for the stars of average parallax. Only 
the probable error of the curve will have increased. 

This is just what is seen in Table XXX. Take first the Bo-B5 
stars. Owing to the limited data the numbers run very irregularly. 
There is, however, the fortunate circumstance that for both regions 
the number of stars fainter than 9.0 is zero; for the outside stars 
there is none fainter than 8.5. I conclude that, in the latter case 
at least, we have before us the complete frequency-curve. In the 
nebula region this is less certain; still the number of stars fainter 
than 9.0 is certainly small. It seems reasonable to assume that 
the true number of stars fainter than 9.05 (adopted average mag- 
nitude 9.3) is between zero and six. Now, if the luminosity-curve 
is an error-curve, or any symmetrical curve, the lateral shift will be 
that of the center of gravity or of the arithmeticmean. Themean . 
of the magnitudes for the outside stars is 6.06. For the Nebula- 
group it is 6.42 and 6.74, respectively, for the two limits adopted. 
The displacement therefore lies between 0.36 and 0.68 mags. As 
the whole difference corresponds to only o%ooro in the parallax we 
may adopt 

Bo-Bs stars Displacement=o0.52 mag. (81) 
For the B8-Bg stars the matter is more difficult. But I think we 
may assume with some confidence that the numbers for magnitudes 
g.o and brighter are complete: for, (a) the whole number of stars 
for which Miss Cannon has determined the spectrum is 240,000," 
which, according to Groningen Publications, No. 18, involves average 


* Vierteljahrsschrift der Astronomischen Gesellschaft, 51, 85, 1916. 
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completeness to magnitude 9.5 (Harvard Scale); (6) the B and A 
stars, being very white, must in general have been observed to a 
fainter limit (visually) than the others; (c) according to Table XXX 
so many stars fainter than 9.05 have been observed in the regions 
now under consideration that it is improbable that the brighter 
stars should be seriously incomplete. 

On the contrary, the numbers between 9.05 and 9.55 in Table 
XXX are almost certainly incomplete. To be comparable with the 
rest they must be multiplied by a factor e, greater than unity. For 
the nebula region, ¢ cannot well exceed 2, as is shown by the A stars, 
which at magnitude 9.3 must be near the maximum of their 
frequency-curve of apparent magnitude; the total number, there- 
fore, from 9.05 to 9.55 can scarcely be more than double that 
between 8.55 and 9.05. If we admit this the uncertainty about 
the true value of « is of little consequence, for in attempting to fit 
an error-curve to the observed number of the B8—Bog stars in the 
nebula region, we find the maximum at practically 8.8, both for 
€=1 and e=2. 

For the outside region it seems better to ignore the stars fainter 
than 9.05 altogether. From the others it appears that the maxi- 
mum cannot lie far from 8.30. We are thus led to a displacement 
of o.50 mag. Another estimate of this quantity made in a some- 
what different way gave 0.37 mag.’ I finally adopt: 


B8-Bog stars Displacement=o.44 mag. (82) 


The displacements (81) and (82) require a correction. In the 
case of types Bo-Bs, the stars within the limits (78) of the Nebula- 
group are twelve times more crowded than those in the surrounding 
regions. We conclude that a twelfth part of the Bo-Bs5 stars 
within these limits do not belong to the group, but are merely seen 
projected on it. These can have no displacement relative to the 
outside stars, to which they really belong. For the others, it must 

« In the countings of the Pickering-Cannon stars, there is, as in other investigations 
of the kind, an obvious excess of stars of magnitude 9.0, 8.5, 8.0, and a deficiency 
for magnitudes 9.1, 8.9, 8.1, 7.9. I also carried through a computation in which 
this error was corrected; as the corrections for the numbers of stars within the half- 


magnitude intervals of Table XXX are insignificant, I will not burden this paper 
with the computation. 
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be increased by an eleventh in order to correct the displacement (81). 
For similar reasons the displacement (82) must be increased by 


te. 
4.2 its amount. 


Hence: 


Bo-Bs stars: corrected displacement=o.57 mag. (weight 2) 
B8-Bog stars: corrected displacement=o.54 mag. (weight 3) 


The weights are estimates; the weighted mean is 


Displacement=o0.55 mag. (83) 


and by (80) 
mw Outside Stars _ 


a Nebula-group — 


1.288 (84) 


It remains to find z for the stars of magnitude 7.8, which is the 
average of the Cannon stars. For the Boss stars, of average magni- 
tude 4.7, t=0%0081. From the Table XX XIX I find? 


Average Mag. 7 No. 
OL Me Pees ete ENS oe 070075 af 
SILO eras ete: 0.0083 I4 
BOAR ie cieoie ste iiarsrs 0.0086 43 
REOD ees tenets 0.0083 38 


Apparently there is no change with the magnitude; but, as it is 
improbable that there should be no change at all, I adopt as a 
conservative estimate, 


7 =0"%0077 (m=7.8, outside stars), (85) 


with the aid of which by (84) 
a (Nebula-group) = 0" 0060. (86) 


I think that the error of the displacement (83) cannot well be 
greater than half its amount and that its probable amount will not 
exceed a fourth of the whole. The probable error of the difference 


« Preliminary values of the parallaxes were used. For the present purpose these 
are sufficient. 
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of the average parallaxes of the two groups of stars here considered 
ought not, therefore, to exceed 00005 and, as the probable error of 
the average parallax of the outside Boss stars is, by (33), #0%0007, 
the probable error of (86) may be estimated at +o%o009. It is 
found in Section 26, however, from a discussion of the luminosity- 
curve of the A stars, that the value (86) is very probably somewhat 
high, and I finally adopted 


a (Nebula-group) =0”0054 + 0/0009. (87) 


The lateral dimensions of the Nebula-group, according to Sec- 
tion 3, are about 7° in right ascension and 14° in declination. If, as 
a crude approximation, we suppose that the group is roughly 
spherical with a diameter of 10°5, the parallaxes will range from 
0’0049 to o”0060. For that half of the stars for which the proper 
motions are smallest I assume the parallax to be o”%0051, and for 
the others, 070057; that is, 


for 100 w2=0"8 ete) (88) 


for 100 u<078 T=0%0051 


As already mentioned, one-twelfth of the Bo-B5 stars within the 
limits (2) do not belong to the physical group. Within these limits 
there are in Table XXXIX 26 stars, practically all Bo-Bs5 stars. 
Two or three are, therefore, probably outside the group, but I have 
assumed that the four, Boss 1302, 1343, 1376, and 1382, the only 
ones having 42o0%o20, are in this class. The last has a large 
negative value of v and perhaps ought to be excluded altogether. 
The motions of the others can be satisfactorily explained as the 
result of traces of stream-motion, peculiar motion, and observa- 
tional error. 

Five stars, Boss 1454, 1277, 1435, 1512, and 1297, having spectra 
Bo-Bs, are within 5° of the adopted limits (2) of the Nebula-group. 
Their proper motions are nearly vanishing. It is doubtful whether 
they belong to the Nebula-group. As their parallaxes computed 
on the hypothesis that they are group stars differ in no case more 
than 30 per cent from those obtained on the assumption that they 
are outside stars, I adopt the means for the two suppositions. 
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IQ. TESTS FOR THE PARALLAX OF THE NEBULA-GROUP 


a) By the luminosity-curve of the Bo-Bs stars.—From the third 
column of Table XXX we have concluded that the maximum of 
the frequency-curve for the Bo-Bs stars in the Nebula-group lies 
between 


m=6.42 and m=6.74. (89) 


In Mount Wilson Contribution No. 82, p. 43, the absolute magnitude 
corresponding to this maximum was found to be 


M=0.885. (go) 
If, therefore, we adopt the mean of (89) we find from 
M=m-+5+5 log zx, (gt) 


‘T= 010072. (92) 


I have not used this for the improvement of the parallax (87) 
because it is preferable to follow the inverse course, that is, use (87) 
for converting the apparent magnitudes of Table XXX into abso- 
lute magnitudes, which will be employed to improve the luminosity- 
curve. 

b) Binary systems.—Among the binaries of Section 17, the three 
marked ‘“‘neb.”’ belong to the Nebula-group. In the mean they 
give t=-+0%0058, agreeing almost perfectly with the value 070057 
derived from (87). That these binaries were also used in the test 
of the parallax of the outside stars is justified by the fact that our 
determination of the parallax of the Nebula-group is based on that 
of the outside stars. 


20. MOTION OF THE NEBULA-GROUP 


Considering only the best-observed stars (100 r<o%o40) within 
the limits (2) of the Nebula-group, we derive from 17 stars the 
averages: 


a= shas™; §6=—1°4; 100T=+0%03; 1000=+0%02. (93) 
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Including further all the stars of known radial velocity, we find 
from 13 stars: 


a=sh26™; §=—222; Peon. =P—4.3=18.46 km. (94) 


The value (93) of v being absolutely insensible, I conclude that the 
antivertex must be not far from the point 


5825™, —1°4. (95) 
How far away can it be placed without conflicting with the observa- 
tions? I think it can safely be said that, in an average of 17 well- 
observed stars, a value of 100 i as high as 0"5 is irreconcilable with 
(93). It seems worth while in this connection to remark that the 
12 outside stars, for \ between 170° and 178°, give 


100 v= +0" 46, from which 7 =070083. (96) 
Notwithstanding the extremely unfavorable circumstances we still 
find a parallax agreeing perfectly with the final result (33). Now, 


from (51) and (16), eliminating V, 


tan A= 


(97) 


0.212 pT’ 


from which, if we put t=07%0054; v=-+o%0050; p=+18.46, we 
obtain 
A=13°. (98) 


It is to be considered extremely probable, therefore, that the anti- 
vertex of the Nebula-group lies within 13° of (95). The antivertex 
of the outside stars is at 


5'44™, oh (99) 
which is 10°7 from (95). The radial velocity of the outside stars 
at the point (94), which is 9°9 from (99), is 20.0 cos 9°9=19.7, 
which differs only 1.24 km from (94). It is very possible, there- 
fore, that both the direction and the velocity of the Nebula- 
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group are identical with those of the outside stars. At all events 
the difference must be relatively small. 


21. LUMINOSITY-CURVE OF THE Bo-B5 STARS 


In accordance with earlier results, I will assume that the 
luminosity-curves are Gaussian error-curves, with the equation 


y= Ao» ; 


ae (100) 


Care will, of course, be taken to note any indicated deviations from 
this form, particularly for the fainter half of the curve, for which 
we have scarcely any data from direct observations. 

First solution: from the Cannon stars in the Nebula-group.—Since 
it was assumed that the number of Bo-Bs stars fainter than 9.05 
necessary to complete the quantities in the third column of Table 
XXX probably lies between o and 6, I will assume for this number 
the value 3. Any error thus committed will be of little importance. 
The arithmetic mean of the magnitudes thus becomes 6.58, and 
the median magnitude 6.48. If the luminosity-curve is an error- 
curve, or even a symmetrical curve, both the arithmetic mean and 
the median will coincide with the maximum. I thus adopt for the 
maximum of the frequency-curve of the apparent magnitudes 
Mmax=6.53. As one-twelfth of the stars in this region belong to 
the outside stars (see Section 18) whose maximum (arithmetic 
mean) lies at m=6.06, we have 


Corrected Mmax= 6.57. (101) 


For the determination of the probable amount of deviation (prob- 
able error) we have from the seventh column of Table XXX 


1 of the stars are fainter than 7.90. Therefore r=7.90—6.57=1.33 


1 of the stars are brighter than 5.78. Therefore r=6.57—5.78=0.79, 


so that in the mean we have r=1.06. Further, the parallax of the 
group being 070054, 
M=m—6.34. (102) 
439 


66 JC. KAPTEVYN 


We thus have for the constants of the luminosity-curve (100) 


K=6.57—6.34=+0.23 


10 
p= 2-AT09 iG Me SF (103) 


Second solution: from the outside Cannon stars.—Treating the 
numbers of the eighth column of Table XXX in the same way, we 
find, as remarked in Section 18, a value of K which must be sub- 
stantially correct and a value of # which must be too low. Noting 
that for the mean parallax o%0081 of the outside stars 


M=m—5.46 (104) 


we find (27 stars) 
K=+0.60 h>o.40 r<1.iQ. (105) 


Third solution: from the bright stars in Table XX XIX .—Ar- 
ranging the stars for which \<165° according to absolute magni- 
tude, M, and parallax, we obtain the summary’ given in Table 
20,00 ne 

Treating the numbers in Table XX XI exactly as was done in 
the similar case of Mount Wilson Contribution No. 82, pp. 41 and 
42, I find for the luminosity-curve the results shown in Table 
», OO, 41 5 

The third column of Table XXXII gives the numbers corre- 
sponding to the observed luminosity-curve, the number of stars on 
which each value rests being added in parentheses. The extreme 
values are thus seen to be very uncertain. It seems impossible to 
determine from these data the values of both K and h in (100). 
I therefore adopted K=-++0.36, which is the weighted mean of the 
values obtained in the first and second solutions, and found 


h=0.50. (106) 
* The absolute magnitudes were obtained by using the values of 72.5 instead of 


the finally adopted 7. For the luminosity-curve the difference is immaterial. 
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The theoretical curve computed with these values of # and K is 
in the fourth column of Table XXXII. The enormous residual 
for M=-+-o.5 is not to be taken too seriously. It corresponds to 
an irregularity in the actually observed numbers of less than three 
stars. 

TABLE XXXI 


NUMBER OF Bo-B5 Stars 


M M 
efo1g4 jol0154/0%0122/0%0097/0"% 0077/07 0061\0%00485|0% 00385] 0%00305 
» e Domain of the stars apparently fainter 
Sipe e 2 il cree Neate Me : than 5.80 (Harvard) and part of 
AGNI EOE |S Btakeleon &-allbaoo: 0.5 | 3.5 the stars 5.31 to 5.80 
Oeae 1-098 TR Oue eo. elscieres TeOn|eAr salen eo 
—o.25 “ +0.25 O30) eee elec 2, OPA, Oned: B 
Oe Re On 2S O05 Neve wll) orere el ote avete ray |IMeng || SER | be95) || Ces 
Meee A — OAR —— TO, eos (cle eine ees TsO 42001350 1.0 
SON ices ig ae FAS ret Se oA ae || 22x) Il Cagp Ih Ong 
ED a ei ENO]. 0. cates le ts» sited\teerorel TRON Eeteren Ree eP er Wa daCeY Weg Golo. exc 
—2.75 . SOE DB Mana eR Re ttnmit aac | opacay = | ected foes core caaten ce Peo ra| le cime Mel lise rer ol hd cebecnc 
et ie ee 2 Cd Silo ie four toa eet (e-cctcoca be parece 
—3-75 f 3.25 |—3.5)---2-fereee[ereeeferees PEC M noire Ineere atin ccallees 6 dana nc 
a ee) Ce Ce ee 
STNG le ey eT teal ey Na) ese el ace renee Tien tol kersoen | er O75 5| POLS ieee all eer lees 
SS Nil BO scotty] eveeete | muore uel eo avereaedl caw =iened| Otte [eterietel loversierel meeneme sey bares 
Total below 
GLOSS NES ell © sete [eaters eee Bus ELE Se OeSalross | SSH} [R Sok on peecetto a tin ccs O-6 
TABLE XXXII 
Luminosiry-CurvE Bo-Bs Stars 
M M Number Comp. 0.—C 
+1.25 to+0.75....... +1.0 17.0 (0.5) 17.3 — 0.3 
+o "5 FeO IRS fa safes +0.5 38.6 (5.5) 18.8 +19.8 
ON Shes On 25 ice eka iae °.0 23.9 (10) 18.2 + 5.7 
—o0.25 “ —0.75....... —0.5 10.2 (7) 15.9 — 5.7 
SOG ee oe —1.0 9.0 (9) II.9 — 2.9 
Sipe ces ty fg ene —1.5 7.0 (7) Shai — 1.1 
Sy Oe io neomor —2.0 6.0 (6) 4.9 ap ah 
EO ey eae —2.5 2.0 (2) 2.4 — 0.4 
—2.75 “ —3.25....... —3.0 a 1.2 + x8 
— 3,26 8 — 2 70 aa: —3.5 I.o(1 
See S mA Bere Manes —4.0 ° ={oh 0.7 + 1.3 
TSC) ee Gan? yh ee —4.5 TeOd) 
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Collecting these results, including the solution of Mount Wilson 
Contribution No. 82, p. 43, with weights according to a rough 
estimate of the reliability, we have: 


Constants Luminosity-Curve Bo-B5 STARS 


No. of Stars K Weight h Weight 
Birstesolutionsn omc 48.0 +0. 23 1.8 0.450 I 
SCONCE teens een otters 27.0 | +0.60 nS) (>0.400)| 0 (107) 
Mothyeln Metra ret oice 00502. eRe ee lneeeeree 0.500 I 
Mt. Wilson Contr. No. 82] 142.5 +0.885 I.0 ©.409 2 
Adopted means... .|>.>5..<.. =F OSSOO. |S sels e dete Ov4A2 Jem ace 


To this value of # corresponds the value r=+1.o01 mag., that is, 
the Bo-Bs stars are distributed according to an error-curve about 
the central value M@=-+0.50, with a probable error of about one 
magnitude. 


22. LUMINOSITY-CURVE OF THE B8-Bo STARS 


First solution: from the Cannon stars in the Nebula-group.—In 
Section 18 reasons were given for the assumption that, for the 
nebula region, the number of stars from 9.05 to 9.55 in Table XXX, 
in order to become complete, must be multiplied by a factor not 
exceeding 2. This being admitted, it is evident that the maximum 
of the frequency-curve of the apparent magnitudes must lie at 


about 
m= 8.80. (108) 


Fitting an error-curve having this central value to the observed 
numbers, I find 

h=0.90. (109) 
The correction required for the position of the maximum on account 
of the admixture of stars not belonging to the group is +o.10 mag. 
Consequently, by (102), the elements of the luminosity-curve are 


K =8 80+0.10—6 .34=+2.56] 


ee bh (109 stars) (110) 


Second solution: from the outside stars—Neglecting the stars 
fainter than 9.05, the maximum is located somewhere near m=8 . 30. 
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The value of h found by fitting an error-curve to all data is 0.78, 
but, for reasons already given, this value must be too small. Hence, 
by (104), ; 

K =8.30—5.46=+2 my 


hoarse (143 stars) (111) 


The bright B8—Bog stars are too few in number to yield any reliable 
result. The same holds for the stars in Mount Wilson Contribu- 
tion No. 82. Finally, therefore, we have from (110) and (111), 
giving equal weight to the two values of K, 


K =+2.70 h=+0.90 (B8-Bo stars) (112) 


23. LUMINOSITY-CURVE OF THE B3 STARS 


In passing from the Bo—Bs5 stars to the B8-Bo stars, the change 
in the value of K is so considerable that it becomes highly important 
to attempt a still further subdivision. For the B3 and Bs stars the 
data are still fairly adequate to such a determination. For the 
former I use the Cannon stars, both for the nebula and the outside 
region and further the data contained in Mount Wilson Contribu- 
tion No. 82, discussed in the same way as the bright Bo—Bs stars 
in the third solution of Section 21. 

In the case of the outside stars there is no objection to the value 
for K. The result for h is really (see Section 18) a lower limit. 
However, in the cases already treated, this value differs so little 
from that for the nebula region that in the present instance—for 
which only a rough result is all that can be hoped—I have no 
hesitation in using the / furnished by outside stars on the assump- 
tion that they are all at the same distance. The reduction to 
absolute magnitude is of course made with the mean parallax (33). 
Table XX XIII summarizes all the data. The apparent magnitudes 
corresponding to the values of M in the table were obtained by (102) 
and (104). The numbers from Mount Wilson Contribution No. 82 
were multiplied by a factor such that the total brighter than 
M=-+1.75 becomes equal to that for the stars in the nebula 
region increased by those outside. They thus become comparable 
with the sums of the two preceding columns. This reduction is 
necessary because only that part of the curve which corresponds 


443 


70 J. C. KAPTEYN 


to the stars brighter than M=+2.25 is given. The sudden 
breaking off of the curve at this point by no means implies the 
non-existence of fainter stars. In parentheses are added the 


TABLE XXXIII 


LumINosity-CurvE B3 STARS 


NUMBER OF STARS 
M 

Neb. Outside Contr. 82 Adopted Comp. O-C 

Sisto 7 Sater ° OnO:65 Er ton tsrcretouetede 0.0 Ty) —1.7 
PI GY se iheys ° O50:>  %ilhetanehvnstepeegscensue 0.0 Ley S87 
SIA CL eA G Se 3 0.0 9.0 (1) B20 2.7 +0.3 
+1.25 “ +1.75.. 3 4.0 5.0 (2) 6.0 B57 +2.3 
+o.75 “ 4+1.25.. 3 0.0 5.0 (5) 4.0 4.5 —0.5 
+0.25 A +0.75.. I 0.0 4.5 (9) 3.0 4.8 —1.8 
—0.25 & +0.25..) 4 2.5 gare (i) 4.8 4.4 +0.4 
—o.75 “ —o.25.. 4 On5 2.8 (13) Be7 Bells +o.2 
—1.25 “ —o.75.. ° 2.0 2.7 (12.5) Behl Deu, —0.3 
—1.75 “ —1.25.. 2 250 T2655) ra 16 +0.5 
OO ge atte AACN Go BiG TG) 1.3 (6) E52 0.9 +0.3 
BE NL eee OO oe ob cilia oterersc °.4 (2) 0.4 0.4 0.0 
<A ern ODE du O(n o OSOF Dlonon Ade. OGoDo|moaso os oc 0.3 Ons 


observed numbers of stars on which the results of Mount Wilson 
Contribution No. 82 rest. ‘They determine the weight with which 
these values are to be combined with the totals of the two preced- 
ing columns. The results of the combination are given in the 
column headed “adopted,” and are fairly well represented by an 
error-curve for which 


K=+0.53 h=-+0.52 (B3 stars) (113) 


24. LUMINOSITY-CURVE OF THE Bs STARS 


It is seen that among the outside B5 stars in Table XXX there 
is none fainter than 8.5. We may conclude, I think, that we have 
before us the complete frequency-curve. According to the last line 
but one we have for the maximum, Mmax=7.73 (outside stars). In 
the nebula region two of the observed stars are fainter than 8.5, 
but none fainter than g.o. It seems hardly safe to suppose that 
here, too, we have the whole of the frequency-curve before us. If 
we assume (a) that the frequency-curve is complete, (b) that there 
are two stars of magnitude g.1 really existing but not observed, the 
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probability is that the truth lies between the two. Corresponding 
to supposition (a) we find mngz=7.50, and to (0) m™nar=7 .69. The 
difference is not very material and I adopt 


Mmax=7.60 (neb. region) (114) 
Transferring to absolute magnitudes by (104) and (102) we have 


for the outside stars K=2.27 (7 stars) 
for the Nebula-group K=1.26 (15 stars) (x15) 


Weighted mean K=1.58 (22 stars) 


The agreement is poor. For the derivation of 4 I added the 
data of Mount Wilson Contribution No. 82 to those of Table 
XXXII, just as was done for the B3 stars, and found 


h=0.50. (116) 
25. FURTHER LUMINOSITY-CURVES AND SUMMARY OF RESULTS 


By the combination of the results (112) with (115) and (116) 
we obtain for the B5—Bog stars 


K=+2.61 h=0.87 (274 stars) (117) 


There is further the determination of Mouii Wilson Contribution 
No. 82, p. 45, 


K=+2.00 h=+0.508 (69 stars) (118) 


which is confessedly poor; the solution (117), too, is not of high 
weight, but doubtless much better. Combining with the respective 
weights 4 and 1, I find 
K=+2.49 h=+0.80 (B5-Bg stars) (119) 
For the Bo, Bo-Bz, and B1-Bz2 stars, the value of K was 
obtained by taking the arithmetic means of the apparent magni- 
tudes of the Cannon stars in the nebula region and reducing to 
absolute magnitudes by subtracting 6.34 according to (102). 
Further, in the case of the Bo-Bz2 stars, I derived a very crude 
value of k. For the Bo-Bog stars a good result could not be ob- 
tained. All the results are summarized in Table XXXIV, in which, 
for convenience, I also insert the constants for the Ao—Ag stars, 
which will be obtained presently. 
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In the fifth column have been inserted the numbers of stars on 
which the several determinations rest. These give a very imperfect 
idea of the reliability of the corresponding luminosity-curve, not 
only because the absolute magnitudes are wholly dependent on the 
accuracy of a few parallaxes, but mainly because the observations 
embrace very different fractions of the whole curve. For this 
reason the part of the curve covered by observations has been 


TABLE XXXIV 


CONSTANTS OF LUMINOSITY-CURVES 


K h r No. of Stars kin of Quality 
BO wedge a taoa tere —2.5 ig ? 6 I.00 Poor 
BBiatelsice osptieteee +0.5 0.52 0.92 99 0.95 Good 
Hie ae eee EE +1.6 0.50 0.95 22 Aon 0.81 Fair 
BO=B 2 eee Lie —1.6 0.43: Tedd 13 I.00 Poor 
IRG—Bisxiti ace <iepae —o.4 0.52 0.92 33 I.00 Fair 
BiB eee ae =—0.9 ? ? 7 I.00 Poor 
Boa Binncaneeeiere +0.5 0.442 I.O1 286 0.96 Good 
Bao Wyaapneetererehe +2.5 0.80 0.60 343 0.50 Fair 
BS=Bosse meee +2.7 ©.90 0.53 252 0.50 Fair 
ANG NOs +3.4 0.80 0.60 | 474, 6o1T 0.50 Fair 


* Twenty-two stars used for the derivation of K; 49 for h. 
+ 474 stars used for the derivation of K; 601 for h. 


roughly indicated in the sixth column. When the fraction is less 
than 0.50, the maximum is not included, and its determination 
becomes more or less precarious. As a consequence, the elements 
for the stars of type B3, resting on 99 stars, must be far better than 
those for the B5—Bg stars, for which 343 stars were available. Even 
the values of K for the Bo, Bo-Bz, B1-Bz2 stars, though poor, 
deserve more confidence than we might at first sight be willing to 
concede on account of the extremely small numbers of stars on 
which they rest, simply because practically the whole of the curve 
is covered by observation. A crude estimate of the reliability of 
the elements has been given in the last column. 

I have computed these numerous luminosity-curves in the hope 
that they might help materially in obtaining good parallax estimates 
when other means are defective or wanting. 
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Remark.—There are a few exceptionally bright stars in our lists, 
such as e and ¢ Orionis and e Canis Majoris.t. For all three the 
absolute magnitudes are brighter than —4.0. Since the spectrum 
of the last is Br, and the others are probably Bx or Bo, the magni- 
tudes do not seem irreconcilable with the luminosity-curves of 
Table XXXIV. The case of 8 Orionis (Boss 1250) is different. It 
is the brightest star in our lists, M=—5.5, whereas the spectrum 
is BS; hence it is more than 8 mags. brighter than the mean for 
stars of the same spectrum, and seems to deserve particular atten- 
tion. 


26. LUMINOSITY-CURVE OF THE A STARS 


The value of K was determined from the outside stars. The 
main difficulty was the probable incompleteness of the numbers of 
stars between magnitude limits 9.05 and 9.55. We are not alto- 
gether without means for overcoming the difficulty, however. 

We can make a rough determination of e, the factor by which 
the observed number must be multiplied to make it complete, with 
the aid of the Bs—Bo stars, by comparing the observed and the 
theoretical numbers obtained with the constants of Table XXXIV. 
We find 


No. Obs. No. Theor. | € 


Nebula region....... 12 30.5 Dab5 
Outside stars........ i II.2 1.6 
Mota ier cc cers 19 Aut 2.2 


As already remarked, the A stars in the nebula region scarcely 
admit of a value of e as high as 2.0. The theoretical number for 
the nebula region, therefore, and hence also for the outside stars, 
must be too high. I assume 


1.0<€<2.4. (120) 


If we try to represent the numbers of the last column of 
Table XXX by an error-curve on the two hypotheses e=1 and 


t The Boss numbers are respectively 1370, 1398, 1804. 
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€=2.4, we find maxima at m=8.80 and 9.05, respectively, so that 
we cannot greatly err if we write m=8.93. We thus get, by (104), 


K=3.47. (121) 


Adopting this value, the maximum in the Nebula-group, according 
to (102), must lie at m=9g .81, and, corrected for the large admixture 
of external stars projected on the group, for all the A stars within 
the limits (78) m=9.29. From both regions together I then 
obtain the best representation by assuming 


K=O, 80. - (522) 


As there may still remain some doubt as to the correctness of 
K, particularly because the preceding determination tacitly assumes 
that for the region considered the parallax of the bright A stars 
agrees with that of the bright Bo—Bg stars, I have tried to find some 
verification by entirely independent data. The most suitable for 
the purpose is that furnished by the Pleiades and the Hyades. 

If the stars in these groups be arranged in order of magnitude, 
they will also be arranged nearly in the order of spectrum. This 
remark is not new, but Table XXXV, which brings the fact clearly 
into view, may not be unwelcome. 

a) The Pleiades—The brighter stars are all B5—Bo. For stars 
of magnitude 6.59 and fainter, with relatively few exceptions down 
to 9.05, the spectrum is A. Stars still fainter show an F spectrum. 
Outside the limits 6.5 and 9.1 no A stars occur, though we should 
expect a few to appear were the number of stars a hundred times 
greater. It is evident that we have before us the entire luminosity- 
curve and that the absolute magnitudes of the bulk of the A stars 
lie within a range of 2.6 mags. If we assume that the luminosity- 
curve is an error-curve, its maximum must coincide with the arith- 
metic mean. From the photographic magnitudes determined at 
Potsdam I find from 23 A stars . 


Mmar= "7.70 h=0.82 (123) 
and for 8 Bs stars 
Mmax= 4-49. (124) 
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It thus appears that the maximum of the frequency-curve for 
the A stars is 3.21 magnitudes fainter than that for the B 5 stars. 


TABLE XXXV 


DISTRIBUTION OF SPECTRA 


| 
Mag. Hyades* Pleiadest 

OG N a See eb ghd BEC Rene eae are Mente an Ay ee re Bs 
BEOare aS « NG aces See oe REL ee eee Ny ae tec sek Ee ee 
SROseO MeO enon, Ke Knes ateaeer saben Eien B8, Bs 
BLO ger ae Se SAGAR. AS CARA tron. Preeti ahh ten Bs, Bs 
ABE pees OSuiAS. AS. Aa Ar AZ ce gcacume nonce wee Bs 
BeOS es 55) AS, AS, As) AuAa Ao AU Ac ARIS 2. B8 
5-55 “ 6.05 | A, As, AS, G, A2, Ag, F, A, F, A4, Ag, F, 

TAS NOB ge Geen A tia Sa ane ae Bs, B8, B8, B8 
Groceceor5 Sy (AG. AS OAR ak os semitones B8 
RECO te Ra Bhs Koons. beeneud oe eae eae: A, B8, A, A, A 
FASS SY RIT NC ol at etna, nat ann ee PE Es ere i, TNS IANG Jahes JaXs JN 
Hes set OC OSH GO; GO! GaGorh8 nn. vor nets ire AAW ARMAS AIS 
EOS MGs Shihan), GO) Gouc ouer mealies INQ ASs ASAD Ao AS amAS 
Seger OLS a) G5, 88; Ko) Ko, Ko, (Gon Ko) Ko Gsaaipby bynas, A 
CSMGE Oe SOARES teers? ae, anya, Sabra om See e ee: [Dea 10 1h) 10 
EOE SRM teveee (Lrouamcstarstey ab < js Yora) osc wre WEN een Cre ens ioleneia F5 


* The stars belonging to the Hyades were taken from the preface to Groningen Publications, No. 23, 
the data for spectrum being largely supplemented by private letters from the Harvard Observatory and 
by plates taken at Potsdam by Dr. Zernike. The list contains all the stars of determined spectrum 
known to belong to the group. 


+ The photographic magnitudes for the Pleiades are by Hertzsprung, Pub. Astr. Obs. Potsdam, 22, 
No. 63, p. 21. It would have been preferable to use the visual magnitudes by Miiller and Kempf (Astro- 
nomische Nachrichten, 150, 193, 1899), but I have not deemed it important to make the change. The 
brighter stars have been reduced to the Harvard scale by subtracting 0.24 mag. The spectra for the 
brighter stars are from Miss Maury (Harvard Annals, 28, Part I); for the fainter stars they are from 
Tikhoff (Mitteilungen Pulkowo, No. 40, Tableau II). The proper motions necessary for determining 
whether a star belongs to the physical group are from the following sources: Lagrula or Elkin (weight 1), 
Boss (weight 1), and Stratton (weight 4). 


The same must also be true for the luminosity-curves, and since 
by (115) the maximum of the luminosity-curve for the B5 stars 
lies at absolute magnitude K=+1.58, we find 


A stars K=4.79, (125) 


a determination which is independent of the parallax of the 


Pleiades. 
b) The Hyades.—Table XXXV contains all the stars of deter- 


mined spectrum which are known to belong to the group. 
We here meet with the curious fact that four of the five brightest 
stars have K spectra, a type not again appearing until we reach 
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stars fainter than 8.5. If I am not mistaken this fact first gave 
rise to the general’ theory of giant and dwarf stars. 

For the determination of the luminosity-curve we cannot use 
all the objects in Table XXXV, for it is evidently necessary to 
know all the stars belonging to the group, together with their spec- 
tra, down to a specified and rather faint limit, a condition satisfied 
only for that part of the group for which proper motion plates have 
been measured at Groningen. 

As the spectra are still rather uncertain, I give in full all the 
A stars which, according to the data at my disposal, occur in the 
restricted area. It will thus be easy to improve the results as soon 
as better data are available. 


No. Gron. 23 Harv. Mag. Spectrum No. Gron. 23 Harv. Mag. Spectrum 
Pipes Hes pose 302 AS te Att bey pick 5.68 A2 
DAG ies cronies 4.24 A DADE stents 5.70 Ag 
TP Olas Meverne are 4.60 AS Oat ahem or 5.76 Ag 
OTS a hy stn icine: 4-75 AS BUNT Meee 5.80 A6 
LOT aracspceaunatons 4.84 A2 227 En ee 5.97 AS 
PS sma ia ac ort 4.84 AS PSP IRM oiiccpees 6.04 Ag 
Sielta hy esto BU 4.85 A3 AD acta 6.14 Ag 

BS aceacrsee: ae AS Tete et ee 6.35 A8 
DRG stor Aes eara een 5-49 AS Eh Ome oe 6.39 A8& 

BA iagecetneneys 5.59 AS 


Among the stars fainter than 6.39 there is not a single A star. 
The mean magnitude 


m=5.36 (19 stars) (126) 


is the apparent magnitude corresponding to the maximum of the 
frequency-curve. For the best-fitting modulus of precision I find 


h=o.88. (127) 


For the conversion into absolute magnitudes we require the 
parallax of the group, which, according to Groningen Publications, 
INO228 “Davis 

17=0"024, therefore M=m—3.10. (128) 


* General in the sense that the theory applies not only to certain clusters but 
to the whole of the stellar system. 
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Finally, for the elements of the luminosity-curve 
K=5.36—3.10=2.26 h=0.88. (120) 


The agreement of the values for # in (129) and (123) inter se and 
with (122) is good. The agreement of (125), (129), and (121) for 
K is surprisingly bad. 

I think that one of the causes must be an error in the value (129) 
furnished by the Hyades. For, adopting K=+2.26, we find by 
(102) and (104) that the maximum in the Nebula-group is at 
m=8.60 and in the outside group at m=7.72. A glance at 
Table XXX shows that such values are not to be thought of. After 
mature consideration I believe that the error must in great part be 
attributed to the parallax. We have two excellently agreeing 
values, one by Boss from the convergent of the proper motions and 
some measures of radial velocity; the other a direct determination 
of parallax made at Groningen. The following criticisms may, 
however, be made. 

In the Groningen determination the magnitude error offered 
considerable difficulty and it does not seem impossible that, not- 
withstanding all our care, an error of o’o01, though four times the 
probable error, may have crept into the result. 

In Boss’s determination,’ the small extent of the group makes 
the evaluation of the convergent precarious. In order to estimate 
the possible error of his parallax, I made the following redetermi- 
nation, first condensing his data into the four normals in Table 
XXXVI, chosen to give the most favorable determination of the 


convergent. 
TABLE XXXVI 


NorMAL PLACES 


p COMP. (O—C) sin vr 
a FY TOO fh ? No. 

Boss | Kapt. Boss | Kapt. 

Oe at Lettre iow via ee 419™|+2025| 1176 | 113°6] 9 | 11326] 1161] 0.0] —1.1 
OR eee Savas tm os Aap N=) On S|) 11-00) O21 35 7a 04. 0|) VOOR SIS On see On7, 
Rest, .osmialls ss... = 4 1r |+15.9] 12.2 | 104.7} 13 | 104.1} 104.5 +0.3) +o0.1 
Rest, a creat... 35 - 4 27 |+15.3] 10.5 | 104.3] 12 | 106.1] 106.6] —o.8) —o.8 
Weighted mean..|' 4 20 |+15.6] 11.35]....-. AACA Eoate a Sawee ciao cede asec 


t Astronomical Journal, 26, 31, 191I. 
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According to Boss the convergent lies at 
GP 7e2 +6°56’ (130) 


which indeed satisfies the observations excellently (last column but 
one); but 

5"46™ +8°40" (131) 
satisfies them almost equally well (last column). For the stream- 
velocity Boss used only three stars, while we now have the nine 
objects in Table XXXVII. The values por. were obtained by 


TABLE XXXVII 


RapIAL VELOCITIES, HYADES 


a r) p Sp Dicore: A Authority 
BS Gere eee +17°| +25.7 | F +25.7 | 140° Kistner, A.V., 198, 409 
[gorse nacht +19 | +21.6| K +19.1 151] = A.N., 198, 409 
Ae oy Eten +15 | +39.6| K +37.1 155 - Ap.J., 27, 301 
FG ranean Bey Se +17 | +40.8| K +38.3 156 1 Ap.J., 27; 30% 
setae wih oke +22] -+40.0| Az | +39.0] 155 Lick Bull., 7, 20 
We 8 Den eo +18 | +36.4] A +35.4] 156 a Se at elo) 
AA erase facttahis, 09) | 130.40) Ke +36.9 D577 Kistner, Ap.J., 27, 301 
AMATI In hens +16 | +39.4] K +36.9 | 157 € A.N., 198, 409 
AUOiamalsa epee +21 | +42.0| As | +41.0 161 | Lick Bull., 7, 20 

Mean 4.3 iS" |e leer +36.3 155.8 


reducing Kiistner’s results to those of the Lick observers by apply- 
ing the systematic corrections found by Kiistner himself and then 
adding the constant corrections found by Campbell (Lick Bulletin, 
6,127); is the angular distance from the point (131). 

The second star was excluded on account of its great divergence. 
Forming for the others the equations of condition 


Vcos X= Pcorr. 


and solving by least squares, 


V=4o0.0km (8 stars). (132) 
This and roov= 100#=11"35 (Table XXXVI) give by (51) 
@=0"033; therefore M=m— 2.41. (133) 


The maximum at apparent magnitude 5.36 (126) thus entails 
K=+2.95. (134) 
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The value (125) furnished by the Pleiades is open to the criticism 
that it rests on (124), determined from only eight Bs stars. We 
may obtain a result based on a greater number of stars if we adopt 
the parallax’ derived on the hypothesis that the motion of the 
group in space, referred to the center of gravity of the whole sys- 
tem, is parallel to the Milky Way. The parallax thus found is 


a=0'018, therefore M=m—3.72. (135) 


The value (123), first reduced to the Harvard scale by subtracting 
0.24 (see footnote to Table XXXV), thus leads to 
K=3.74 (23 A stars). (136) 


Collecting results, we thus have, the adopted weights being in 
parentheses: 


K 


First Solution |Second Solution 


Pleiades (125), (220) 41 701(O-8) mieesn74n) (123) 0.82 
Hyades (129), (134)...| 2.26 (1) 2.95 (1) (129) 0.88 
Meant sds enter 3.10 BEd 0.85 


The values of K, which in the first solution were extremely 
divergent, have come very much nearer together. The mean 
values for both solutions agree well with (121). The value of / is 
surprisingly close to that of (122). In conclusion, therefore, the 
Pleiades and the Hyades furnish values of K which leave much to 
be desired; still, as far as they go, they decidedly confirm the 
value (121). I finally adopt 


K=+3.4. (137) 
27. REMARKS ON THE GEOMETRICAL FORM OF THE 
LUMINOSITY-CURVES 


a) In what precedes we have assumed that the luminosity- 
curves are error-curves. In how far is this assumption justified ? 
For stars of all spectra together the form was very decisively 


Proceedings Amsterdam Academy of Sciences, 14, Part 2, 909, 1912. 
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indicated by the results in Groningen Publications, No. 11, though the 
representation by an error-curve was not there given. This was 
first done in Astronomical Journal, 24, 115, 1904. ‘The representa- 
tion over a range of 16 magnitudes leaves little to be desired. For 
spectra of the first and second types separately, luminosity-curves 
were also given in Publication, No. 11. These, too, are well repre- 
sented by error-curves. But the data available for these investi- 
gations established the curve only as far as the maximum, or nearly 
so; the fainter branch is altogether wanting. What will be the 
form for the fainter magnitudes ? 

The question was considered in Mount Wilson Contribution 
No. 82, p. 43, but could be answered only very imperfectly. Even 
now the data are scanty, though somewhat improved, especially 
for types B and A. They lead to the conclusion that for these 
spectra the whole curve, both ascending and descending branches, 
can be represented—with some rough approximation at least—by 
an error-curve. 

Take, for instance, the stars of spectrum B3 for which the whole 
curve is pretty well covered by observations. In Table XXXIII a 
comparison is made between the observed numbers (adopted) and 
the best-fitting error-curve (computed). The divergences O.—C. 
for the fainter part of the curve are admittedly large, but they can 
hardly be qualified as systematic or as greater than can be explained 
by the scarcity of stars. 

In order to obtain more material, I proceeded as follows. The 
whole curve is covered by observation for: 


B5-Bo 13 stars in the Pleiades 


A 26 “ “ “ 

A TOuie “ — Hyades 

B3 20 “ “ ~ Nebula-group 
78 


Since, by Table XXXIV, the best-fitting error-curves do not 
differ excessively in their values of /, I formed the deviations from 
the separate means for each of these four groups. The question 
is whether the positive and negative deviations for all these 78 stars 
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are symmetrical and in accordance with an error-curve. The result 
is as follows: 


Deviations Observed Smoothed Computed 0.-—C 

ESCs ed en Oe ee IAT 0.0 .0 I.0 0.0 
=e Oe A ale er oie 3.0 Daa Dra Ono 
Spy bot Te 20S ss oe TO 6.0 Rez +0.8 
SSO Gato ey a ee ae 14.0 10.0 9.5 +0.5 
Oe OBE oe a «wi 15.0 12.8 ueP TS —0.7 
E-Oneh eo -O 25. as ecw 9.5 rites IS 5: —0.7 
Oe eo O a line 70.5 2 19.0 i323 TALS =0),2 
SIO ay ace an ee LL. 11.8 9.5 +2.3 
Se tee tony |e 5.0 BSG oe) +0.3 
SA SCY tn ele ee) 0.0 ey, 2.2 —0.5 
OS BOG eee ee 0.0 0.0 I.0 —1.0 


The theoretical curve has been computed with h=o.70. The 
last column shows the divergence of the observations (smoothed by 
taking means of three consecutive values) from the theoretical 
curve. The conclusion is as before: the representation by an 
error-curve is fairly satisfactory for the entire curve. 

b) But this resemblance of the luminosity-curve to an error- 
curve must not be taken too literally. With our present data it 
is impossible to investigate the matter very closely. Still it may 
be well to call attention to the fact that even now there are signs 
indicating that the agreement probably is by no means absolute. 
Thus the representation for the A stars in Table XXX is defective. 
As compared with an error-curve, there is a decided excess of very 
large and very small deviations, and the same thing is indicated 
in other ways. Hertzsprung’ has derived the absolute magnitudes 
of 15 stars belonging to the Ursa Major group. Twelve of these 
have A spectra, and their absolute magnitudes (increased by 5 mags. 
to reduce to our scale) range from —1.03 to +2.20;? they are 
accordingly, by Table XXXIV, from —4.4 to —1.2 mags. brighter 
than the average A star. 

It is not at all surprising that the deviations are all on the bright 
side. Hertzsprung confined himself to Bradley stars and has, by 
this choice, given strong preference to very luminous stars. In 

t Astrophysical Journal, 30, 139, 1909. 

2 There seems to be a mistake in the parallax computed for 8 Aurigae. I have 


used the correct value. Without the correction the range would be —0.53 to +2. 20. 
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fact, we may say that such catalogues'as those of Bradley and Boss 
are really catalogues of exceptionally luminous ‘stars. It is just 
this absence of stars of mean and faint absolute magnitude from 
our catalogues which makes the determination of the luminosity- 
curves so difficult. Nevertheless, in the case of the Ursa Major 
stars, the deviations seem to be somewhat excessive for a curve 
whose probable error is +o.60 mag.’ There is accordingly a 
strong indication of an excess of very luminous stars. 

Similarly there seems to be an excess of stars which are abso- 
lutely very faint. The companion to o Eridani, which shows an 
A spectrum, has absolute magnitude +10.3, which is 6.9 mags. 
fainter than the average A star. Other examples might also be 
given. As already remarked at the end of Section 25 we have, 
among the B8 stars, such an exceptional object as 6 Orionis, which 
is 8.2 mags. brighter than the average B8-Bg stars. 

With more extensive data it may become necessary to give up 
the error-curve as the best representation of the frequencies of the 
absolute magnitudes. The most convenient form for trial will then 
probably be the sum of two error-curves having the same maximum 
but different moduli. 

c) I have taken much trouble in deriving what in many cases 
can be considered only as first approximations to the luminosity- 
curves in the conviction that such curves form one of the most 
important elements in attempting to learn the structure of the 
universe. Scarcity of data is responsible for the fact that in former 
endeavors stars of all spectra have been grouped together or that, 
at most, a separation into only two types has been attempted. The 
results of the present paper will illustrate how crude is such a pro- 
cedure, for it involves the combination of stars having —2.5 as a 

t More important than the size of the deviations is the conclusion that the 
Ursa Major group must contain many more members than those we know, the bulk 
of which are among the fainter stars. Even now I think we can specify a great 
number of stars that belong to the group. There is, however, a great difficulty in 
the way of deciding with certainty, owing to the similarity of the elements of this 
group (vertex 2031™, —40°2; velocity, —18.4 km) with those of the second star- 
stream, especially the A stars of this stream (vertex 19612™, —47°; velocity, —18.5 km). 
For instance, the brightest of Hertzsprung’s stars, 8 Aurigae, fits practically as well 


in the second stream as in the Ursa Major group. If we assign it to the former, its 
absolute magnitude changes from —1.03 to +0.49. 
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mean absolute magnitude (Bo stars) with others for which the 
mean magnitude is +10.3 (second-type stars). The corresponding 
ratio of intensities is more than 100,000 to 1. 

To secure entirely reliable results we must attack the spectral 
classes separately. This will be an immense task, for it involves 
obtaining the numbers, magnitudes, spectra, and proper motions 
of a suitable fraction of the faint and very faint stars. In fact 
the best of the results given in the present paper are due to the 
invaluable data for stars to magnitudes g.0 or 9.5 placed at my 
disposal by Professor Pickering and Miss Cannon. 

The requirements for a solid foundation in deriving the 
luminosity-curves are perhaps best seen from Table XX XVIII, 
which shows the mean absolute magnitudes for stars of given 
apparent magnitude and proper motion. It was computed with 


TABLE XXXVIII 


ABSOLUTE MacGnitupEs M 


™m™ 
Mw 

6.0 9.0 I2.0 
OOS ete +1.2 +3.6 + 5.0 
Oil Ok eiaverctoteiee one +4.6 =P Ws) 
OLZOinant ayes +3.4 +5.7 + 8.1 
O24Os pa wiecer +4.4 +6.8 + 9.2 
Oe BOs fale ions +5.5 +7.9 +10.2 


the data for all stars in Groningen Publications, No. 8. To all 
appearances the parallax for any specified magnitude and proper 
motion does not differ very markedly for stars of different spectra, 
so that for a rough estimate a single table can be used. The table 
shows, what of course is evident, that for the absolutely brightest 
stars we are dependent on the apparently bright stars of small 
proper motion. As these stars have been observed more completely 
and accurately than any others, the conditions are favorable for 
the brighter end of the luminosity-curve. The faint absolute mag- 
nitudes, on the contrary, are to be found among the apparently 
faint stars of large proper motion. The conditions here are nearly 
as unfavorable as possible. The table indicates, roughly, how far 
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we may hope to go with the available data and what will be required 
for further progress. 

Since we have found the mean absolute magnitude of the B5 
stars to be +1.6, and of the A stars to be +3.4, whereas for the 
second-type stars it is +10.3,’ it is rather more than a guess if we 
assign the following series of values: 


Bs stars at + 1.6 


AS <9 “ + Bes 
Fs “ “ aa 7 
Gs “ “ +10 
Ks “ “ +13 
M “ “ +15 


Assuming that the luminosity-curves are error-curves and that 
for a satisfactory determination of their constants we must possess 
reliable observational data, at least to a magnitude well past the 
maximum, we see from Table XX XVIII that Boss’s Catalogue and 
the Revised Harvard Photometry (Harvard Annals, 50), which are 
complete to magnitudes 5.8 and 6.5, respectively, may be con- 
sidered as perhaps just sufficient for the derivation of the curve 
for the A5 stars. For the F stars we cannot expect altogether 
reliable results until the stars to 9.0 or somewhat beyond can be 
included. The Revised Draper Catalogue will furnish the required 
data for the spectra. For the large proper motions (which are the 
more important) we shall probably be able to manage with what 
is known, especially when the much-longed-for determinations of 
proper motion, now in preparation at Albany, have been placed in 
the hands of astronomers. For the G stars even these data will 
be inadequate, and we shall have for them no thoroughly sound 
determination until the data for the Selected Areas become avail- 
able. 

For the K and M stars the outlook might seem to be nearly 
hopeless. But there is one circumstance which probably will bring 
success along as soon as the definitive luminosity-curve for the G 
stars is found. It has long been known that the stars of very large 
proper motion, almost without exception, are of the second type. 


* This value was obtained by representing the numbers of Groningen Publications, 
No. 11, p. 31, Type II, Solution B, by an error-curve. 
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We further find that the larger the proper motion and the fainter 
the apparent magnitude, the more do the Ks5—M stars begin to 
predominate. From van Maanen’s table of large proper motions 
(Mount Wilson Contribution No. 96), I find that among the stars 
fainter than magnitude 6.0, with proper motion21/o, 60 per cent 
are of type K5—M. For still fainter stars we must expect that this 
percentage will increase largely, so that finally a limit of faintness 
will be reached for which practically all the stars of large proper 
motion will be K5-M. Not only must this be so theoretically, but 
there is a strong indication of its confirmation by observed color 
indices such as those of Seares and Hertzsprung (Mount Wilson 
Contributions, Nos. 81, 100, and 102). 

We therefore expect that beyond the magnitude for which we 
can determine spectra we shall be justified in including with the 
K5—M stars all swiftly moving objects, instead of limiting ourselves 
to those for which the spectra have been ascertained. Perhaps we 
shall have to multiply our numbers by a certain fraction, slightly 
less than unity, but it seems probable that this fraction will be 
capable of a sufficiently accurate determination with the aid of the 
somewhat brighter stars. Consequently, as soon as the data now 
under observation for the Selected Areas have become available, 
we shall probably be able to complete the investigation down to 
the faintest stars observed for the Durchmusterung of the Selected 
Areas, that is, approximately to: 


Mag. 16.0 in the Northern Hemisphere (Harvard plates) 
ae ES. 2a S # (Mount Wilson plates) 
“3608 “ ‘Southern (Harvard Arequipa plates) 


Of course there will remain the necessity of finding all the stars 
having large proper motions. This, however, will present no real 
difficulty. A repetition of the plates, even if made at the present 
moment, would be sufficient for the purpose. If photographed 
through the glass and superposed on the originals for differential 
measurement, or if taken as usual and carefully measured with the 
stereocomparator, the labor of finding all the proper motions 
exceeding o” ro would not be very trying. We may thus hope to 
secure the data necessary for a thorough study of the arrangement 
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in space of all the stars, including even those, thousands of times 
fainter than the sun, which are barely visible in our largest tele- 
scopes when near, and escape all observation’ when situated in 
the remoter regions of space. 


28. SUMMARY 


1. The bulk of the B stars within the limits (2) form a local 
group. The great Orion nebula lies within these limits, and I have 
therefore called this group the Nebula-group. 

2. Boss’s proper motions in declination, for the stars in the 
region of the sky considered in the present paper, require the cor- 
rections (13) of Section 4. 

3. Of the stars outside the Nebula-group, those within the 
limits = 180° to 216°, b= —30° to +4° may form a local group. It 
seems more probable, however, that they all have the same system- 
atic motion. I have assumed this to be the case. If later inves- 
tigation should confirm the existence of the local group, relatively 
little will be changed in the conclusions of the present paper 
(Section 7). 

4. The definitive elements of the motion of the helium stars 
outside the nebula region are given in (33), Section 8. The vertex 
nearly coincides with the vertex of the first stream of the non- 
helium stars. 

5. The mean parallaxes for three separate groups of these stars 
are given in Table IX (Section 7), the average parallax for all being 
0”0081+0"%0007. 

_ 6. The error in the position of the vertex due to remaining sys- 
tematic errors in the proper motions cannot exceed 3° or 4°, and the 
remaining uncertainties in V and z from this source must be negli- 
gible (Section 8). 

7. The components u and of the peculiar motion are distributed 
approximately in accordance with error-curves. The probable 
amount of these components is: 

for region of present paper (outside stars) tT. =+=1.67 km 
for region of Mount Wilson Contribution No. 82 14 =+1.0 km 


*I do not mean that we must be idle until the Selected Areas are completed. 
On the contrary, I believe that even now we can find very useful representations of 
the most urgently needed portions of the luminosity-curves. 
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The smallness of these values is probably the most important fact 
brought to light by the present investigation. 

8. The distribution of w being found, we can derive the distri- 
bution of v as soon as we know the fraction of the stars ¢() having 
any given parallax 7; (7) is determined by the condition that the 
theoretical distribution of v shall agree with the observed distri- 
bution (Section 13). 

9. $() being known, it becomes easy to determine the mean 
parallax of all the stars having given values of v and \. These 
mean parallaxes have been adopted as the individual parallaxes of 
stars having the same v and X. They have been tabulated for 
r,=+=2.5 in Table XXI, for r,=0.0 in Table XXIV, and the 
definitive values, corresponding to 7,==+1.67, have finally been 
obtained by interpolation between these tables. 

to. The same method applied to 7 does not lead to valuable 
results (Section 16). 

t1. The parallax of any star more than 24° from the antivertex, 
derived in the manner described, is, roughly speaking, 0”o0021. 
This includes the effect of the observational errors in the proper 
motions (Section 15). 

12. The parallax of the Nebula-group, t=0%0054+0"0009, has 
been found by a consideration of the luminosity-curves (Section 18). 

13. To the parallaxes various tests have been applied. In gen- 
eral they are strongly confirmatory, both for the outside stars and 
for the Nebula-group (Sections 17 and 109). 

14. The systematic motion of the Nebula-group can differ but 
little from the motion of the outside stars (Section 20). 

15. Luminosity-curves have been determined for many sub- 
divisions of the B stars. Further, a curve was also derived for the 
A stars. All the results are summarized in Table XXXIV. 

16. The frequency-curve of the absolute magnitudes (luminosity- 
curve) has in former publications been found to coincide nearly with 
anormal error-curve; in consequence of a lack of data, in particular 
for the faint stars, the agreement could not be established beyond 
a point near the maximum. In the present paper occur several 
cases for which the descending branch could also be included more 
or less completely. From all available material it appears that the 
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JH CAURAPT EVN. 


agreement with an error-curve extends, with some rough approxi- 
mation, over the whole curve, though there are signs indicating 
some excess of extreme luminosities in the case of the B8—Bg and 


A stars. 


29. NOTATION 


The notation used is the same as in Mount Wilson Contribution 
No. 82, except that t has been substituted for v (Section 11). 
Only what is necessary for the understanding of Table XX XIX is 
repeated here. 


components of the angular proper motion p along the great circle 


Oh er 
‘toward the antivertex, and at right angles thereto, respectively. 
100 7 roo times probable error in the proper motion of any co-ordinate 
(Section 10). 
p—4.3 the observed radial velocity corrected by the constant amount 
—4.3 km, in accordance with Mount Wilson Contribution No. 82, 
Dao 
W observed at Mount Wilson. 
: observation uncertain. 
orb. spectroscopic binary, radial velocity of system obtained from deter- 
mination of orbit. 
est. spectroscopic binary, radial velocity of system estimated. 
(2) only one observation. 
=, 
Ss | : Porallae on ee spa a ae es i : See Ca andicecticn 
ae a i Me 4 sg peruse ee i0)p Remark De 
n when the parallax is marked with the star has been assumed to 
belong to the Nebula-group. 
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